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PREFACE 

In  this  new  presentation  of  a  plan  of  study  which  in  the  main 
has  been  put  to  long  test  in  school  and  college  work,  it  has  been 
our  aim  to  introduce  the  student  to  chemistry  by  consideration  of 
the  simplest  and  fewest  things.  We  have  tried  to  put  the  experi- 
mental phenomena  in  such  relation  that  the  inferences  may  not 
be  missed. 

Part  I  takes  up  the  consecutive  experimental  development  of  the 
principles  upon  which  systematic  chemistry  rests.  The  consideration 
of  identity  of  substances,  chemical  change,  the  chemical  elements, 
the  laws  of  combination,  and  chemical  equivalents,  naturally  comes 
first.  Electrical  phenomena  and  ions,  —  the  ions  of  Faraday,  —  the 
constitution  of  acids,  bases,  and  salts  from  this  ionic  point  of  view, 
the  conditions  of  action  and  equilibrium,  and  the  thermal  relations 
of  chemical  action  are  all,  taken  in  succession,  based  upon  the 
recognition  of  equivalents,  —  electrical,  chemical,  thermal.  The 
thermal  equivalents  suggest  individual  masses  or  mass-units  of  the 
elements  in  chemical  action.  Symbols  are  developed  to  express 
these  mass-units,  and  the  idea  of  valence  follows.  The  conception 
of  the  molecule  grows  out  of  consideration  of  the  volume  occupied 
by  the  gram-equivalents  of  gaseous  substances. 

Only  in  the  final  chapter  of  this  part  is  the  notion  of  the  atom 
introduced,  with  the  molecule  in  its  relations  to  the  atom ;  and  here 
are  discussed  also,  as  matters  of  theory,  the  molecule  in  the  light  of 
the  kinetic  theory  of  gases,  the  spatial  relations  of  Van't  Hoff  and 
of  Werner,  some  of  the  phenomena  of  solution,  the  electrolytic  theory 
of  dissociation,  and  the  modern  conceptions  of  ions. 


PREFACE 

In  Part  II  the  discussion  of  the  properties  of  elements  and  their 
compounds  is  taken  up  in  accordance  with  a  modification  of  Men- 
del^eff 's  Periodic  System,  which  facilitates,  as  it  seems  to  us,  orderly 
treatment.  Graphic  symbols,  explained  as  simply  diagrammatic,  are 
used  freely,  in  the  conviction  sustained  by  long  experience  that  the 
student  rarely  misinterprets  the  real  function  of  these  valuable  con- 
trivances for  coordinating  facts.  The  ionic  terminology  has  been 
employed,  and  the  function  of  ions  as  parts  of  compounds  and  units 
of  reaction  is  pointed  out.  We  have  not  thought  it  desirable,  how- 
ever, to  make  use  of  the  extreme  developments  of  the  idea  of  free 
ions.  A  good  deal  of  care  has  been  taken  with  the  introductions  to 
group  characteristics,  and  with  the  summaries  covering  relations  in 
detail. 
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CHEMISTRY 

PART   I  — INDUCTIVE 

CHAPTER  I 

CHEMICAL  CHANGE  AND  THE  CHEMICAL  ELEMENTS 

Prppertietof        All  material  things,  or  substances,  are  alike  in  that  all 
Substances,    occupy  space  and  all  have  weight.     Substances  differ,  how- 
ever, in  behavior,  or,  as  we  say,  in  their  properties. 
Water  aad  Water  and  iron  are  different  substances.     Each  occupies 

^ron.  space  and  each  has  weight,  but  each  is  different  from  the 

other  and  is  possessed  of  peculiar  properties. 

Under  ordinary  conditions  water  is  a  liquid,  while  iron  is  a  solid. 
When  equal  volumes  or  the  spaces  filled  by  each  are  considered,  water 
is  lighter  than  iron,  and  iron  is  heavier  than  water.  Exposed  to  light, 
water  is  colorless  and  transparent,  while  iron  is  gray,  opaque,  and  lus- 
trous. When  heated  or  deprived  of  heat  throughout  the  small  limits  of 
ordinary  temperature,  water  and  iron  simply  expand  or  contract,  each  at 
its  own  rate.  At  a  temperature  moderately  raised  water  boils  and  be- 
comes gaseous,  while  iron  remains  solid  far  above  red  heat,  only  melting 
at  very  high  temperatures,  becoming  gaseous  at  still  higher  temperatures. 
Upon  cooling,  liquid  water  freezes  and  becomes  ice,  while  iron  is  un- 
changed in  form,  being  merely  contracted  somewhat  in  volume  by  the 
same  change  of  temperature.  Water  conducts  electricity  scarcely  at  all, 
while  iron  is  a  good  conductor.  Water  is  not  made  magnetic  by  proximity 
to  electric  currents,  while  iron,  surrounded  by  a  coil  of  insulated  wire,  is 
a  magnet  so  long  as  the  electricity  passes  through  the  wire,  and  becomes 
ordinary  iron  again  when  the  current  is  broken.  Water  contained  in  a 
cylinder  closed  by  a  sliding  piston  is  gaseous  steam  or  liquid  water  at  a 
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temperature  of  loo®,  according  to  the  pressure  put  upon  the  piston  or 

the  force  used  to  pull  out  the  piston,  the  steam  being  condensed  to 

water  by  sufficient  mechanical  energy,  and  the  water  gasified  to  steam 

by  release  of  pressure  or  withdrawal  of  mechanical  energy,  while  iron  is 

practically  unchanged  under  similar  conditions. 

Because  of  these  marked  differences  in  their  properties  we 

recognize  water  and  iron  as  different  substances ;  and  we  see, 

at  the  same  time,  that  these  properties  of  water  and  iron  are  brought 

out  and  varied  by  certain  agencies  —  viz.,  light,  heat,  electricity,  and 

mechanical  energy  —  which,  because  they  do  work,  we  call  forms  oi  energy. 

In  order  that  use  may  be  made  of  the  properties  of  a  sub- 
Idontity. 

stance  for  purposes  of  identification,  it  is  first  necessary  to 

know  what  the  properties  of  the  substance  are  under  definite  conditions 
of  energy.  We  have  no  difficulty  in  identifying  iron  or  water  by  the  assem- 
blage of  properties  which  each  shows  under  the  conditions  of  ordinary 
life,  and  this  is  because  we  have  become  familiar  with  the  properties  of 
iron  or  water  under  ordinary  conditions.  When  water  is  heated  under 
the  atmospheric  pressure,  it  boils,  and  passes  as  steam  into  the  gaseous 
condition,  and  develops  a  new  set  of  properties.  To  fully  identify 
as  water  a  specimen  of  gaseous  material  presented  for  identification,  it 
becomes  necessary  to  know  the  peculiar  properties  which  are  character- 
istic of  water  when  it  exists  under  the  definite  conditions  of  temperature 
and  pressure  of  the  new  substance.  In  general,  a  substance  is  identified 
when  it  exhibits  a  definite  assemblage  of  properties  under  defined  condi- 
tions of  energy. 

Change  of  Every  change  of  condition  with  respect  to  energy  affects 

Condition.  jn  some  degree  the  properties  of  a  substance,  but  some 
changes  affect  the  totality  of  properties  so  little  as  not  to  change  in 
marked  degree  the  identity  of  the  substance.  A  piece  of  iron  raised 
from  the  ground  is  still  iron,  though  by  raising  it  we  have  expended 
energy  upon  it.  A  copper  wire  remains  copper,  though  we  change  its 
properties  somewhat  while  sending  an  electric  current  through  it.  A 
piece  of  cold  silver  when  placed  in  the  sunlight  grows  hotter,  but  most 
of  its  properties  are  slightly  or  not  at  all  changed ;  it  is  still  what  it  was 
in  most  respects,  and,  when  cooled  to  its  former  temperature,  is  exactly 
what  it  was  originally  in  all  its  properties.  We  do  not  consider  that  the 
iron,  the  copper,  and  the  silver  have  undergone  any  essential  change  of 
identity. 
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Change  of  Many  substances  may  be  set  in  motion,  submitted  to  pres- 

IdentUy.  g^^g^  acted  upon  by  light  or  heat,  electrified  or  magnetized, 
and  in  general  may  undergo  simple  changes  of  condition,  which  do  not 
involve  important  changes  of  properties  or  relations  to  other  substances, 
without  losing  their  identity.  The  phenomena  of  change  exhibited  by 
matter  are,  however,  often  very  far-reaching  and  complex,  and  it  is 
sometimes  very  difficult  to  draw  the  line  between  changes  of  condition 
merely  and  changes  of  identity.  We  may  choose,  however,  examples  of 
such  changes  that  are  fairly  typical.  If  we  put  a  platinum  wire  into 
the  colorless  flame  of  a  Bunsen  burner,  it  becomes  very  hot,  and  glows 
with  brilliance ;  when  it  is  withdrawn  from  the  flame,  it  cools  in  the  air 
and  proves  to  be  the  identical  platinum  that  went  into  the  flame  —  bright, 
untarnished,  and  to  all  appearances  unchanged.  While  it  is  subject  to 
changed  conditions,  it  shows  new  properties,  but  when  the  original  con- 
dition of  temperature  is  restored,  it  is  the  same  as  before.  There  is  no 
evidence  to  show  that  even  during  the  altered  condition  the  identity  of 
the  platinum  was  changed. 

On  the  other  hand,  if  we  treat  similarly  a  piece  of  polished  magnesium 
wire,  like  the  platinum  in  general  appearance,  we  meet  with  different 
phenomena.  The  metal  first  simply  melts,  then  burns  in  the  air,  gives 
out  intense  light,  and  is  converted  into  a  white  powder,  whiclf,  quite 
unlike  the  original  metal  in  every  particular,  does  not  assume  on  cooling 
the  aspect  or  properties  of  the  metal.  The  change  which  affected  the 
magnesium  was  at  first  one  of  condition  merely,  but  soon  became  suffi- 
ciently far-reaching  to  affect  the  identity  of  the  magnesium. 
Chemical  Changes  which  affect  the  identity  of  substances  are  chemical 

Changes :  changes  ^  and  chemistry  is  that  branch  of  physical  science  which 
Chemiatry.  ^^^  ^-^^  ^^  identity^  and  especially  with  changes  in  the 
identity^  of  substances. 

Effect  of  Certain  changes  which  may  be  brought  about  in  water  like- 

Heat  npon  wise  serve  to  illustrate  the  distinction  between  changes  of  con- 
water,  dition  and  changes  of  identity.  When  we  heat  liquid  water, 
it  becomes  hotter  without  changing  its  properties  very  much  until  it  boils ; 
then  it  becomes  steam  and  is  gaseous.  If  we  cool  the  steam,  liquid 
water  is  reproduced.  Many  of  the  properties  of  steam  are  different 
from  those  of  liquid  water,  and  some  are  closely  similar,  as  we  shall  see 
when  we  come  to  study  the  relations  of  liquid  water  and  steam  to  vari- 
ous other  substances.     So  a  difference  of  opinion  might  easily  arise  as  to 
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whether  the  changes  which  take  place  when  liquid  water  is  converted 
into  steam,  and  steam  back  again  into  liquid  water,  are  sufficient  to 
change  what  we  call  the  identity  of  the  substance.  The  case  is  similar 
when  we  consider  the  change  which  takes  place  when  liquid  water 
freezes  to  form  ice,  which,  in  turn,  is  easily  melted  to  reproduce  the 
liquid  water.  Because,  however,  liquid  water,  steam,  and  ice  are  so 
easily  and  completely  convertible  into  one  another,  and  more  esfwcially 
because,  as  will  appear  when  we  study  them  in  detail,  they  possess  in 
common  certain  specific  and  very  important  relations  to  other  sub- 
stances, it  is  generally  considered  thai  Ihey  are  the  identical  substance  in 
diflerent  states  or  conditions ;  they  are  liquid,  gaseous,  and  solid  water. 
EBeet  of  ^^  ^^^^  '*  •^'"^^'cnt  when  we  consider  the  etfect  of  trans- 

Blectiieity     milling  through  water  an  electrical  current.     Pure  water 
Dp«D  WMm.    resists  the  passage  of  very  powerful  currents  of  electricity, 
but  water  acidulated  with  sulphuric  acid  conducts  currents  of  low  inten- 
sity, and  is  very  markedly  changed,  the  acid  remaining  unchanged  at 
the  end  of  the  operation.     An  ordinary 
battery  of  three  or  four  cells  is  sufficient 
for  our  purpose,  and  if  we  connect  with 
the  plates  of  such  a 
battery  strips  of  plat- 
inum   foil,  and   dip 

them  into  water  con- 

^~'     -  ~ — T^=—       taining  one  ninth  of 

FIG.  I.  —  Aciion  of  Electricity  upon     jts    volume    of    sul- 
"""•  phuric    acid,    IBelt 

without  action  upon  the  platinum,  we  have  at  each 
platinum  electrode  a  brisk  evolution  of  gas  which 
may  be  collected  and  examined. 

An  apparatus  devised  by  Hofmann  especially  for 
this  purpose  consists  of  two  graduated  tubes,  set 
vertically,  provided  with  stopcocks  at  the  top,  and 
uniting  at  the  bottom  in  a  common  reservoir,  and 
fitted  near  the  bottom  with  platinum  electrodes  each 
joined  to  a  platinum  wire  fused  into  the  side  of  the 
tube.  A  simpler  apparatus,  answering  the  purpose 
sufficiently  well,  may  be  improvised  from  two  test- 
tabes,  two  platinum  electrodes,  with  insulated  con-  Hofmui 
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oecting  wires,  a  dish  of  acidulated  water,  and  two  adjustable  lead  rings 
to  weight  and  hold  upright  the  test-tubes,  first  filled  with  the  acidulated 
water  and  inverted  over  the  electrodes  in  the  acid.  Upon  examining  the 
gases  evolved  at  the  electrodes,  we  find  that  the  gas  evolved  firom  the 
negative  electrode,  joined  to  the  corroded  plate,  is  colorless,  and  is 
inflammable  when  approached  by  a  lighted  match  as  it  issues  into  the 
air,  and  that  a  mixture  of  the  gas  with  air  explodes  when  lighted ;  while 
that  developed  at  the  positive  electrode,  joined  to  the  uncorroded  plate, 
is  colorless  and  uninflammable,  but  makes  a  bit  of  wood,  kindled  to 
a  spark,  glow  brightly. 

Hydxogen  These  gases  evolved  from  water  are  obviously  both  very 

andOxysen.  (different  from  water  in  any  of  its  states.  Neither  gas  be- 
comes liquid  at  any  temperature  at  which  water  is  liquid.  The  one 
gas  bums  when  ignited  in  air,  the  other  gas  does  not  itself  burn,  but 
supports  the  combustion  of  a  bit  of  kindled  wood,  while  gaseous  water 
possesses  neither  of  these  properties.  If  we  were  to  extend  very  widely 
our  comparison  of  the  properties  of  these  substances,  especially  in  rela- 
tion to  other  substances,  we  should  find  many  points  of  difference  and 
few  resemblances.  It  appears  that  the  new  gases  are  not  identical  with 
the  water  from  which  they  came,  nor  with  one  another.  The  electrolysis, 
or  change  under  the  action  of  the  electric  current,  which  water  under- 
goes, is  a  typical  chemical  change.  We  recognize  the  fact  that  fi*om 
water,  which  we  know  ordinarily  as  liquid  at  atmospheric  temperature 
and  pressure,  two  new  gaseous  forms  of  matter,  each  endowed  with  its 
own  peculiar  properties,  have  been  produced.  The  inflammable  gas  we 
call  hydrogen  ;  the  gas  which  will  not  bum,  but  which  supports  the  com- 
bustion of  the  kindled  wood,  is  oxygen, 

Qoantltatiye  Thus  far  in  our  study  of  the  chemical  changes  which 
study.  matter  undergoes  we  have  paid  no  attention  to  the  amounts 

of  matter  involved.  We  cannot,  however,  acquire  full  knowledge  of  the 
change  which  has  taken  place  in  the  water  without  determining  the 
quantities  of  matter  which  are  concerned  in  the  change.  The  failure  to 
follow  the  quantities  of  matter  involved  in  chemical  changes  blocked  the 
pathway  of  the  early  investigators,  until  Antoine  Lavoisier,  a  French 
chemist,  emphasized  the  advantage  of  quantitative  methods,  and  laid 
firmly  the  foundation  of  modem  chemistry. 

Kaaa  and  The  quantity  of  matter  in  a  substance,  or  the  mass  of  a 

Witght.         sab6tance,  is   most  readily  measured  by  its  weight;  for. 
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though  the  weight  of  a  substance  is  a  variable  quantity  as  we  move  the 
substance  from  place  to  place,  —  inasmuch  as  weight  is  dependent  upon 
the  intensity  of  the  force  of  gravitation,  or  the  attraction  of  surrounding 
matter,  —  the  weights  of  any  two  substances  compared  at  the  same  place 
must  be  proportional  to  their  masses.  The  process  of  weighing  upon 
the  ordinary  beam  balance  consists  simply  in  counterpoising  equal 
masses  of  matter  upon  the  opposite  pans  of  the  balance,  the  equilibrium 
of  which  must  remain  unchanged  by  variations  in  the  intensity  of  the 
force  of  gravity  with  change  of  locality,  since  such  variations  must  affect 
both  masses  equally.  Any  chosen  system  of  weights  may  be  employed 
to  determine  relative  masses,  but  for  laboratory  purposes  the  metric 
system  of  weights  is  in  general  use.  Our  unit  of  mass  will  be,  therefore, 
a  quantity  of  matter  which  will  counterpoise  a  standard  gram  weight, 
and  this  is  very  nearly  equal  to  the  mass  of  one  cubic  centimeter  of  pure 
water  in  its  densest  condition  at  4^. 

Quantitative  ^^^  ^®^  "^  employ  the  balance  to  determine  how  quantity 
Electrolysis  of  matter  is  affected  when  water  is  changed  into  hydrogen 
*  *^'*  and  oxygen  by  the  action  of  the  electric  current  upon  the 
acidulated  water.  In  order  to  do  this  conveniently,  we  will  make  use 
of  a  compact  form  of  apparatus  which  may  be  placed  without  difficulty 
upon  the  balance,  and  in  which  the  two  gases  may  be  collected  safely 
in  mixture  at  the  ordinary  temperature. 

Into  a  stout  500  cm.*  flask   put   100  cm.*  of  acidulated  water,  in- 
sert the  stopper  carrying  the  electrodes,  and   fasten   it  securely.     By 

means  of  a  tube  connecting 
a  vacuum  pump  to  the  tube 
passing  through  the  stopper, 
exhaust  the  air  from  the 
flask  and  close  the  stop- 
cock. Invert  the  flask  and 
suspend  the  apparatus  from 
one  pan  of  a  suitable  balance 
capable  of  reading  to  milli- 
grams or  less,  and  counter- 
poise by  weights  or  shot 
placed  upon  the  other  pan 
of  the  balance.  Connect  the 

Fig.  3.— Quantitative  Electrolysis  of  Water.  battery  wires  with  the  elec- 


CHEMICAL   CHANGE  AND   THE  CHEMICAL   ELEMENTS      7 

trodes  and  pass  a  measured  current,  taking  care,  with  the  fact  in  mind 
that  an  ampere  of  current  produces  about  10.5  cm/^  of  the  gas  in  one 
minute,  to  stop  the  action  before  the  pressure  of  gas  in  the  flask  becomes 
too  great ;  and  then,  disconnecting  the  battery  wires  from  the  electrodes, 
note  the  condition  of  equilibrium  of  the  balance.  If  the  operation  has 
been  conducted  without  leakage,  it  is  found  that  the  weight  of  the 
system^  consisting  of  apparatus  and  inclosed  matter,  has  suffered  no 
change  in  consequence  of  the  chemical  change  in  which  hydrogen  and 
oxygen  were  evolved  from  water. 

Similarly,  if  in  burning  the  magnesium  in  air  we  were  to  carry  on  the 
operation  in  a  sealed  apparatus,  containing  the  magnesium  and  air,  and 
retaining  the  product  of  the  burning,  we  should  find  that  there  is  no 
change  of  weight  involved  in  the  chemical  change  which  takes  place 
when  magnesium  burns  in  air. 

ConaeroaUon  Quantitative  experiments  like  these  just  described  may 
of  Mass.  |je  made  in  other  ways,  upon  a  much  larger  scale  involving 

greater  masses  of  matter  and  employing  more  sensitive  balances,  with 
similar  results.  It  is  the  testimony  of  all  such  experiments  that  when- 
ever we  take  into  consideration  ail  the  substances  entering  into  a  chemical 
change  and  all  the  substances  issuing  from  such  a  change,  we  find  no 
evidence  of  change  in  the  mass  of  matter  under  consideration.  This 
fundamental  principle  of  chemistry  was  established  by  Lavoisier,  in 
1 789,  and  is  known  as  the  Law  of  Consen^ation  of  Mass. 

It  is  plain  that  in  the  production  of  two  new  substances,  hydrogen 
and  oxygen,  from  the  single  substance,  water,  without  change  of  mass, 
a  process  of  simplification  has  been  going  on,  and  that  hydrogen  and 
oxygen,  both  weighing  together  what  the  water  from  which  they  were 
derived  weighed,  and  each,  therefore,  weighing  less  than  the  water,  must 
be  substances  simpler  than  water.  Our  ability  to  trace  the  movement 
of  masses  of  matter  by  use  of  the  balance  makes  it  possible  to  experi- 
ment still  further  with  hydrogen  and  oxygen  in  search  of  substances 
still  more  simple,  but  by  no  process  with  which  we  are  acquainted  has 
a  new  substance  of  smaller  mass,  recognizable  by  the  balance,  been 
obtained  from  a  given  mass  of  either  hydrogen  or  oxygen. 
Heatins  of  Some  Other  substances  prove,  like  water,  to  ^e  made  up 

Mercury  of  simpler  substances.     If  we  shake  a  little  red  mercury 

^^***  oxide  well  down  to  the  bottom  of  a  hard  glass  tube  closed 

at  one  end,  counterpoise  tube  and  contents  upon  a  sensitive  balance, 
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then  remove  the  tube,  and  heat  it  cautiously  in  a  nearly  vertical  position 
at  the  lower  end  where  the  mercury  oxide  is,  we  note  first  a  darkening 
in  the  color  of  the  oxide,  which,  if  we  cool  the  tube  without  further  heat- 
ing, gives  place  to  the  original  color  of  the  mercury  oxide.  Thus  for 
the  change  has  been  one  of  condition.  Upon  further  heating,  however, 
a  very  marked  change  takes  place  in  the  mercury  oxide,  and  a  little 
way  up  the  tube,  where  it  is  cooler,  a  silvery  mirror  is  deposited.  Upon 
cooling  the  tube  and  placing  it  upon  the  balance,  it  is  found  that  a  loss 
of  weight  has  taken  place.  The  glass  tube  itself  undergoes  no  loss  of 
weight  when  heated  by  itself,  so  it  must  be  supposed  that  the  mercury 
oxide  has  lost  weight  in  the  process  of  heating.  The  residue  in  the 
tube,  if  the  action  has  been  carried  to  completion,  is  bright,  lustrous, 
and  consists  of  minute  globules  of  mercury  which  may  be  united  to  form 
larger  globules  by  pushing  them  together  with  an  iron  wire.  The  mer- 
cury, none  of  which  has  been  lost  from  the  tube  if  the  upper  parts  are 
kept  cool  throughout,  weighs  less  than  the  mercury  oxide  from  which  it 
was  formed,  and  the  loss  of  weight  of  the  system  is  due,  as  we  shall  see 
later,  to  the  parting  of  mercury  from  gaseous  oxygen,  which  escapes. 
The  mercury  produced  weighs  less  than  the  mercury  oxide  from 
which  it  came,  and  is  evidently  a  substance  simpler  than  mercury 
oxide. 

Formation  of  ^^^  action  of  electricity  in  converting  the  complex 
more  Simple  water  into  the  simpler  substances,  hydrogen  and  oxygen. 
Substances.  ^^^  ^y^^  action  of  heat  upon  the  complex  mercury  oxide  to 
liberate  oxygen  and  form  a  residue  of  the  more  simple  mercury,  are  both 
t)rpical  of  many  chemical  changes  in  which  substances  are  broken  down 
into  .substances  of  smaller  mass.  Th^se  are  chemical  changes  in  which 
complex  substances  become  more  simple. 

Heating  of  Now  let  US  consider,  on  the  other  hand,  the  chemical 

CopperinAir.  change  which  takes  place  when  copper,  heated  in  air,  turns 
black,  and  becomes  altered  to  copper  oxide,  a  substance  different  from 
copper.  Let  us  counterpoise  carefully  upon  the  sensitive  balance  a 
small  porcelain  crucible  containing  about  i  gram  of  clean  copper,  in  a 
state  of  fine  division,  support  the  crucible  with  its  contents  on  a  pipe- 
stem  triangle,  heat  it  strongly  for  some  minutes,  exposed  to  the  air,  then 
cool  and  replace  it  upon  the  balance  pan.  It  is  evident  at  once  that  the 
weight  of  the  system  of  crucible  and  the  material  in  it  has  increased  in 
the  process  of  heating.    Heat  does  not  change  the  weight  of  the  cm- 
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cible  by  itself,  but  the  material  has  changed  in  appearance  and  properties, 
and  has  increased  in  weight.  Since  the  copper  oxide  is  heavier  than  the 
copper  from  which  it  was  formed,  it  must  be  a  substance  more  complex 
than  the  copper.  It  appears  that  this  increase  in  the  weight  of  the 
system  is  due  to  the  fact  that  something  which  we  shall  find  later  to  be 
oxygen  has  been  added  to  the  copper  from  the  air. 

If  we  were  to  study  similarly  by  the  aid  of  the  balance  the  burning  of 
the  magnesium  in  the  air,  in  which  the  lustrous  metallic  magnesium  is 
converted  into  a  white  powdery  substance,  we  should  find  that  the  white 
substance  which  we  call  magnesium  oxide  weighs  more  than  the  original 
magnesium,  showing  that  something  has  been  added  to  the  magnesium 
in  the  process  of  burning.  The  heavier  magnesium  oxide  is  more 
complex  than  the  magnesium  from  which  it  was  formed. 
Foimatioii  of  ^^^  changes  which  copper  and  magnesium  undergo 
Complex  when  heated  in  air,  resulting  in  the  formation  of  substances 
°  ^*'  which  weigh  more  than  the  individual  metals  from  which 
they  were  formed,  are  typical  of  many  processes  in. which  substances  are 
added  to  one  another  to  form  substances  of  greater  mass.  T^^y  are 
chemical  changes  in  which  simple  substances  become  more  complex. 
Chemical  So  we  find  that   there  are   chemical  changes  in  which 

ElemeaU.  substances  become  more  simple,  and  chemical  changes 
in  which  substances  become  more  complex.  It  appears  that  matter 
can  be  added  to  matter  with  great  readiness,  to  ever  extending  limits, 
but  thus  far  it  has  been  possible  to  push  the  simplifying  of  matter 
only  to  the  limits  of  finding  about  eighty  substances  so  simple  that  they 
have  resisted  all  attempts  toward  further  simplification.  These  sub- 
stances we  call  the  chemical  elements^  but  it  is  highly  probable  that  some 
of  these  so-called  elements  may  be  separable  into  still  simpler  forms  of 
matter.  This  has  been  the  experience  in  the  past  with  many  of  the 
elements,  and  even  now  some  of  the  elements  are  of  doubtful  character. 

The  following  list  contains  the  names  of  most  of  the  substances  which 
at  present  are  considered  to  be  elementary  : 


List  of 

Aluminium 

Boron 

Cerium 

Elements. 

Antimony 

Bromine 

Chlorine 

Argon 

Cadmium 

Chromium 

Arsenic 

Caesium 

Cobalt 

Barium 

Calcium 

Columbiuni 

Bismulh 

Carbon 

Copper 

lO 
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Erbium 

Fluorine 

Gadolinium 

Gallium 

Gerftianium 

Glucinum 

Gold 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Krypton 

Lanthanum 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 


Molybdenum 

NeodymiuQi 

Neon 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium 

Praseodymium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

0 

Selenium 
Silicon 


Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


Occurrence  Of  the  elements  of  this  list  a  limited  number,  such  as  the 

of  Elementa.  gases  of  the  atmosphere,  some  of  the  more  common  metals, 
and  a  few  besides,  occur  free  in  the  earth,  bwt  by  far  the  greater  number 
of  elements  are  found  naturally  in  association  with  other  elements.  It 
has  been  estimated  that  nearly  one  half  of  the  entire  mass  of  the  earth 
is  made  up  of  the  single  element  oxygen,  that  one  quarter  is  silicon,  and 
that  oxygen  and  silicon  together  with  aluminium,  iron,  calcium,  carbon, 
magnesium,  sodium,  potassium,  and  hytlrogen  compose  ninety-nine  per 
cent,  of  the  whole  earth.  Many  of  the  elements  are  found  in  living  tis- 
sues, carbon,  hydrogen,  oxygen,  and  nitrogen  being  particularly  important 
as  constituents  of  plants  and  animals. 

Doubtful  Some  of  the  elements,  such  as  the  recently  discovered 

Elements.  radium  and  other  constituents  of  rare  minerals,  are  so  sel- 
dom met  w^ith  and  so  difficultly  prepared  in  a  state  of  purity  that  their 
properties  have  not  been  exhaustively  determined,  and  the  claims  of 
some  substances  to  be  regarded  as  elements  have  not  been  fully  con- 
sidered. On  the  other  hand,  it  is  quite  possible  that  some  of  the  sub- 
stances named  in  the  list  may  some  time  be  further  simplified  by  ordinary 
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chemical  means,  and  so  be  elements  no  longer.  Furthermore,  it  is  quite 
conceivable  that  all  the  elements  at  present  recognized  may  be  compos- 
ite, though  not  resolvable  into  simpler  forms  by  ordinary  means  at  our 
disposal,  and  this  is  a  view  which  recent  developments  in  the  phenomena 
of  radio-activity  suggest. 

Enereyin  ^^  ^^^  experiments  which  we  have  made,  it  has  been 

Chemical  obvious  that  chemical  changes  are  accompanied  by  changes 
*»^®*  in  the  enetgy  of  the  system  undergoing  transformation.  The 
evolution  of  heat  and  light  when  magnesium  burns,  the  development  of 
electricity  as  the  accompaniment  of  the  chemical  change  which  takes 
place  in  the  electrical  battery,  the  production  of  the  mechanical  energy 
of  sound,  and  the  motion  which  accompanies  explosive  action,  are 
evidences  of  energy  liberated  in  chemical  change.  Sometimes,  how- 
ever, energy  disappears  in  a  chemical  change,  as  when  heat  is  used  up 
in  simplifying  mercury  oxide,  or  when  light  affects  the  sensitive  sub- 
stances used  in  photography,  or  when  electricity  acts  upon  water  with- 
out being  converted  into  other  common  forms  of  energy. 

We  observe  also  that  conditions  of  energy  play  an  important  part  in 

« 

starting  chemical  changes.  In  some  of  the  experiments  which  we  have 
made,  it  was  necessary  to  provide  energy  from  the  outside  continually 
in  order  that  the  reactions  might  continue,  as  in  the  action  upon 
water  of  the  electric  current,  the  separation  of  the  mercury  and 
oxygen  of  mercury  oxide,  and  the  formation  of  copper  oxide  by  heating 
copper  in  air.  In  some  of  our  other  experiments,  however,  it  was 
only  necessary  to  start  the  change  by  energy  from  the  outside,  the 
action  once  started  proceeding  steadily,  as  when  we  ignited  a  mixture 
of  hydrogen  and  oxygen  by  heat  or  by  the  electric  spark,  or  when 
we  kindled  magnesium  in  air.  We  may,  however,  pick  out  examples 
of  chemical  changes  which  proceed  spontaneously,  without  accession 
of  outside  energy,  as  soon  as  the  active  substances  come  into  close  and 
intimate  contact.  Such  are  the  production  of  clouds  of  ammonium 
chloride,  floating  as  fine,  solid  particles,  when  gaseous  hydrogen 
chloride  and  gaseous  ammonia  are  allowed  to  mix  ;  the  bleaching  of 
the  colored  solution  of  iodine  by  a  solution  of  sodium  thiosulphate 
in  water,  the  two  solutions  being  easily  miscible ;  and  the  mutual  action 
of  sodium  hydrogen  carbonate  and  potassium  hydrogen  tar- 
trate, which,  though  almost  inert  when  mixed  in  solid  condition,  react 
when  dissolved  in  water,  with  abundant  evolution  of  gas. 
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Without  going  too  deeply  into  this  subject  at  present,  we  may 
recognize  the  facts  that  chemical  changes  may  in  some  cases  proceed 
spontaneously  when  substances  capable  of  action  under  the  existing  con- 
ditions of  energy  enter  the  system  and  come  into  sufficiently  intimate 
contact,  or  they  may  be  set  up  at  the  expense  of  some  one  or  other  of 
the  common  forms  of  energy  applied  to  the  system  from  the  outside ; 
and  that  in  the  chemical  changes  energy  may  appear  or  disappear. 
To  account  for  this  appearance  and  disappearance  of  energy  in  the 
instances  that  have  come  to  our  notice,  we  have  to  recognize  the 
existence  of  chemical  energy^  convertible  into  other  forms  of  energy,  — 
heat,  light,  electricity,  mechanical  energy,  —  from  any  one  of  which 
forms  it  may  be  produced,  and  into  any  one  of  which  it  may  be 
changed. 


CHAPTER   II 

COMPOUNDS,  REACTIONS,  AND  CHEMICAL  EQUIYALEN^S 

All  known  substances  consist  of  one  or  more  elements.  We  recognize, 
however,  two  very  different  modes  according  to  which  elements  may  be 
brought  together.  The  association  of  elements  tnay  be  such  that  the 
properties  of  the  elements  making  it  are  simply  added  to  one  another, 
or  such  that  the  properties  of  the  elements  are  merged  and  not  simply 
added. 

Mixtare  of  Setting  up  the  Hofmann  apparatus  once  more  and  start- 
Hydxogen  ing  the  current,  we  observe  that  the  electrolysis  of  water 
an  xygan.  gjygg  ^g  regularly  a  volume  of  hydrogen  about  twice  as  great 
as  the  volume  of  oxygen  produced.  Now  let  us  so  arrange  the  electro- 
lytic cell  that  the  hydrogen  and  the  oxygen  evolved  in  the  decomposition 
of  water  may  be  collected  in  dry  condition.  We  fill  the  apparatus  so 
that  the  level  of  the  liquid  can  never  quite  reach  the  open  stopcocks, 
connecting  to  each  stopcock  a  small  drying  tube,  filled  with  calcium 
chloride,  to  keep  back  any  water  carried  mechanically  with  the  evolved 
gases,  and  joining  to  each  of  the  dryers  by  means  of  a  rubber  con- 
nector a  glass  delivery  tube  of  small  bore.  With  the  delivery  tubes 
dipping  beneath  the  surface  of  mercury  contained  in  a  shallow  trough, 
the  gases  as  they  are  evolved  will  bubble  up  through  the  mercury  and 
may  be  collected  conveniently  in  ordinary  test-tubes  filled  with  mercury 
and  clamped  with  mouths  above  the  ends  of  the  delivery  tubes  and 
beneath  the  surface  of  the  mercury.  Upon  starting  the  electric  current, 
hydrogen  collects  in  one  tube  while  about  half  as  much  oxygen  by 
volume  rises  into  the  other  tube.  When  the  one  tube  is  partly  filled 
with  hydrogen  we  may  move  the  tube  containing  the  oxygen,  still  in 
vertical  position,  until  it  is  close  beside  the  tube  containing  the  hydro- 
gen, and  then  by  carefully  inclining  it  make  some  of  the  oxygen  pass 
into  the  tube  containing  the  hydrogen.  When  the  oxygen  and  hydrogen 
are  thus  brought  into  contact  at  the  atmospheric  temperature,  no  change 
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in  properties  is  seen,  and  this  is   so  whatever  be  the  proportions  in 

which  the  hydrogen  and  oxygen  are  associated. 

„    ,    ,       -       When,  for  example,  the  gases  are  collected  in  a  test-tube 

Explosion  of  '  r    >  o 

Mixture  of      at  the  ordinary  temperature  in  the  proportion  of  two  volumes 

Hydrogen  q(  hydrogen  to  one  volume  of  oxygen,  the  two  gases  exist 
in  association  without  change  of  volume,  density,  color,  or 
other  obvious  property.  When,  however,  such  a  mixture  is  raised  to  a 
high  temperature  by  bringing  the  mouth  of  the  test-tube  near  a  flame,  a 
sharp  explosion  occurs,  and  water  is  deposited  in  the  tube,  apparently  by 
union  of  the  hydrogen  and  oxygen  just  evolved  from  water. 

The  passage  of  an  electric  spark  through  a  mixture  of 
Hydroeen  hydrogen  and  oxygen  brings  about  a  similar  effect.  For 
and  Oxygen  this  experiment  the  mixed  gases  may  be  contained  to  best 
Eudiometer  advantage  in  a  stout  graduated  tube,  known  as  a  "  eudiome- 
ter," the  upper  end  of  which  is  closed,  while  the  lower  end 
is  effectively  sealed  by  immersion  in  mercury  contained  in  a  shallow 
trough.     The  spark  may  be  sent  through  the  mixed  gases  between  small 

platinum  'wires  fused   into  the 


r\ 


glass  near  the  closed  end  of  the 
tube  in  such  a  manner  that  the 
inner  terminals  will  be  opposite 
one  another,  but  not  in  contact, 
while  the  outer  ends  of  the  wire 
may  be  readily  connected  in  the 
secondary  circuit  of  a  small  in- 
duction coil.  The  eudiometer 
is  filled  with  mercury,  inverted, 
and  so  placed  that  its  mouth  dips 
below  the  surface  of  the  mercury 
in  the  trough.  Hydrogen  is  in- 
troduced to  a  volume  of  xo  cm.*. 
Fig.  4.  —  Union  of  Hydrogen  and  Oxygen  in  the    and  5  cm."  of  oxygen  are  added. 

^^^^om^'^'-  The  tube  is  clamped  firmly  with 

its  mouth  resting  upon  a  rubber  pad  beneath  the  surface' of  the  mer- 
cury. A  spark  is  passed  between  the  platinum  electrodes  by  closing 
the  secondary  circuit  of  the  induction  coil,  there  is  a  flash  of  light  in  the 
tube,  the  gases  disappear  almost  completely,  and,  inasmuch  as  the  water 
produced    occupies  very  little  space,  a  partial  vacuum  is  formed,  and 
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mercury  under  the  pressure  of  the  air  forces  its  way  into  the  tube  and 
nearly  fills  it.  In  this  experiment  the  hydrogen  and  the  oxygen  existing 
in  association  have  united  to  form  water. 

Compounds  ^"  aggregation  of  elements  in  which  the  characteristic 
and  properties  of  the  elements  composing  it  are  merged  and  lost 

Mixtoies.  jg  called  a  compound,  while  an  aggregation  in  which  the 
comi>onent  elements  retain  their  individual  properties  is  a  mixture. 
Hydrogen  and  oxygen  existing  together  in  gaseous  form  at  the  ordinary 
atmospheric  temperature  constitute  a  mixture,  and  are  said  to  be 
mixed;  water,  which  has  peculiar  properties  of  its  own,  and  in 
which  the  characteristic  properties  of  hydrogen  and  oxygen  are  wholly 
lost,  is  a  compound,  and  in  water  the  hydrogen  and  oxygen  are 
united. 

We  shall  find,  also,  that  compounds  may  sometimes  enter  into  intimate 
association  to  form  other  more  complex  compounds  in  which  the  prop- 
erties of  the  component  compounds  are  lost ;  and  here,  too,  we  have  the 
formation  of  new  compounds.  On  the  other  hand,  when  compounds  are 
associated  without  loss  of  their  individual  properties  the  resulting  aggre- 
gation is  a  mixture.  Black  copper  oxide  and  water,  for  example,  both 
definite  chemical  compounds,  may  be  mixed  in  any  proportions  without 
loss  of  the  characteristic  properties  of  either,  but  the  pale  blue  substance 
known  as  copper  hydroxide,  which  contains  copper,  oxygen,  and  hydro- 
gen, and  ft"om  which  water  and  copper  oxide  may  be  obtained  by  heat- 
ing, possesses  properties  quite  different  from  the  characteristic  properties 
of  either  water  or  copper  oxide,  and  is  a  new  chemical  compound. 
Chemical  ^  ^^  ^^^y  ^^X  more  broadly  that  a  chemical  compound  is 

Compounda.  an  aggregation  the  properties  of  which  are  characteristic  and 
different  from  those  of  the  component  substances. 

The  proportions  in  which  the  components  of  a  mixture  may  be  asso- 
ciated may  vary  widely,  while  the  properties  of  the  mixture  vary  propor- 
tionately and  regularly.  The  proportions  in  which  the  components  of  a 
chemical  compound  are  associated  are  subject  to  rule.  Thus,  in  our  former 
experiment  with  mercury  oxide,  a  well-identified  compound,  it  has  been 
shown  that  mercury  oxide  is  composed  of  the  element  mercury  and  a 
gaseous  substance  which  escapes,  and  which  we  shall  prove  later  to  be 
the  element  oxygen.  It  has  been  found  in  repeating  the  experiment 
many  times,  that  mercury  oxide,  whenever  found  and  however  made,  is 
always  composed  of  mercury  and  oxygen. 
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Now  let  us,  by  aid  of  the  balance,  repeat  the  experiment 
Mercu^  of  simplifying  mercury  oxide,  but  this  time  quantitatively, 
Oxide  Quan-  so  as  to  determine  how  much  of  a  weighed  amount  of  mer- 
^*  ^'  cury  oxide  is  mercury  and  how  much  is  oxygen.  Counter- 
poise carefully  a  hard  glass  tube  of  suitable  size,  closed  at  one  end. 
Weigh  out  carefully  i  grm.  of  pure  mercury  oxide,  put  it  into  the  tube, 
and  counterpoise  tube  and  substance  upon  a  sensitive  balance.  Then 
remove  the  tube  from  the  balance,  and,  inclining  it  slightly  over  a  gas 
flame,  heat  it  until  the  substance  is  completely  volatilized  from  the  bot- 
tom of  the  lube,  while  mercury  has  been  condensed  upon  the  wall  of  the 
tube  higher  up.  Cool,  replace  the  tube  upon  the  balance,  and  deter- 
mine the  loss  of  weight. 

When  the  experiment  is  very  carefully  performed  with  every  precau- 
tion to  insure  accuracy,  we  obtain  the  following  results : 

Weight  of  mercury  o^^ide  taken  .  .  .  i.oooo  grm. 
Weight  of  mercury  remaining  ,  ,  .  0.9260  grm. 
Weight  of  oxygen  escaping     •     .     .     .     0.0740  grm. 

We  find  that  100  parts  by  weight  of  mercury  oxide  consist  of  92.60 
parts  by  weight  of  mercury  united  with  7.40  parts  by  weight  of  oxygen, 
and  experience  shows  this  to  be  true  of  mercury  oxide  within  the  limits 
of  experimental  error  everywhere  and  at  all  times. 

In  the  case  of  copper  oxide,  with  which  we  have  experimented  before, 
and  which  we  have  made  by  heating  copper  in  air,  we  find  that  it  is 
always  so  made,  up  that  in  100  parts  of  it  by  weight,  79.90  parts  by 
weight  of  copper  are  united  with  20.10  parts  by  weight  of  oxygen  ;  and 
blue  copper  hydroxide  may  be  resolved  by  heat  into  water  and  copper 
oxide,  100  parts  by  weight  of  the  copper  hydroxide  yielding  18.45 
parts  by  weight  of  water  and  81.55  parts  by  weight  of  copper  oxide. 
Constancy  of  *  As  a  rcsult  of  many  experiments  upon  many  chemical 
Composition,  compounds  it  may  be  said  that  etfery  well-characterized 
individual  chemical  compound  always  consists  of  the  same  elements 
united  in  invariable  proportions  by  weight.  This  generalization  was 
made  by  Proust,  a  French  chemist,  in  1800,  and  is  known  as  the  Ldiv 
of  Constancy  of  Composition, 

Chemical  Chemical  changes  involving  the  identity  of  individual  sub- 

ReactionB.  stances,  elementary  or  compound,  are  called  chemical  re- 
actions^ and  the  substances  which  enter  the  reactions  are  the  factors. 
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while  the  substances  which  come  out  are  the  products.     Reactions  are 
named  and  expressed  according  to  the   kind  of  change  which   they 

illustrate. 

A  reaction  in  which  a  compound  is  changed  into  simpler 
Analysis.  o  ^ 

substances  is  a  process  of  decomposition  or  analysis.  The 
change  of  the  fector  mercury  oxide  into  the  elementary  products  mer- 
cury and  oxygen  by  heat  is  a  process  of  decomposition  or  analysis, 
and  may  be  expressed  by  the  equation : 

Mercury  Oxide       =  Mercury  +  Oxygen 

100  parts  by  weight         92.60  parts  by  weight  7.40  parts  by  weight 

Similarly,  the  change  of  the  compound  copper  hydroxide  into  the 
simpler  compounds  copper  oxide  and  water  is  a  process  of  decompo- 
sition or  analysis,  and  may  be  stated  in  the  equation : 

Copper  Hydroxide  =  Copper  Oxide       -f  Water 

100  parts  by  weight       81.55  parts  by  weight      18.45  parts  by  weight 

A  reaction  in  which  elements  or  compounds  unite  to  form 

more  complex  substances  is  a  process  of  combination  or  syn^ 

thesis.     The  process  in  which  the  factors  copper  and  oxygen  unite  to 

give  the  product  copper  oxide  is  a  process  of  combination,  or  synthesis, 

and  may  be  expressed  by  the  equation : 

Copper  -t-  Oxygen  =       Copper  Oxide 

79.90  parts  by  weight        20.10  parts  by  weight         100  parts  by  weight 

We  shall  see  also  that  compounds  sometimes  combine  with  one  another 
in  like  manner  to  form  more  complex  compounds. 

_  .  A  reaction  in  which  a  substance  is  transposed  from  one 

MctftihesiB. 

compound  to  another  is  a  process  of  metathesis.  For  ex- 
ample, when  a  mixture  of  copper,  i  grm.,  with  a  suitable  amount 
of  mercury  oxide,  3.4  grm.,  is  heated  in  a  glass  tube- closed  at  one 
end  and  nearly  closed  at  the  other,  black  copper  oxide  is  left,  while 
mercury  volatilizes,  and  condenses  on  the  wall  of  the  tube.  In  this  pro- 
cess oxygen  leaves  the  factor  mercury  oxide  and  combines  with  the 
second  factor,  copper,  to  form  the  product  copper  oxide.  The  reaction 
is  a  metathesis,  and  may  be  expressed  by  the  equation  : 

Mercury  Oxide  -f        Copper      =     Copper  Oxide     +         Mercury 
340  parts  by  100  parts  by  125  parts  by  315  parts  by 

weight  weight  weight  weight 


l8  OUTLINES   OF  INORGANIC   CHEMISTRY 

A  metathesis  obviously  involves  an  analysis  for  one  of  the  factors, 
and  a  synthesis  for  one  of  the  products,  in  this  case  the  mercury 
oxide  undergoing  analysis,  and  the  copper  oxide  being  formed  by 
s)mthesis. 

Sometimes,  as  we  shall  see  when  we  become  more  familiar  with  chemi- 
cal reactions,  two  compounds  may  react  with  one  another  in  such  a  way 
as  to  undergo  a  double  metathesis,  involving  the  decomposition  or  analy- 
sis of  both  products,  and  the  recombination  of  the  resulting  constituents 
to  form  two  products  by  synthesis. 

Definite  I'^  accordance  with  the  principle  of  constancy  of  composi- 

Proportiona.  tJQn  of  chemical  compounds,  all  reactions  of  analysis,  such 
as  the  decomposition  of  mercury  oxide  to  mercury  and  oxygen,  result  in 
the  breaking  down  of  compounds  of  constant  and  definite  composition 
into  simpler  substances  of  definite  weight ;  in  all  reactions  of  synthesis, 
as  in  the  formation  of  a  definite  weight  of  copper  oxide  from  definite 
weights  of  copper  and  oxygen,  definite  weights  of  the  factors  combine 
to  form  a  definite  weight  of  product ;  and  in  all  reactions  of  metathesis, 
as  in  the  transfer  of  oxygen  from  mercury  oxide  to  copper,  definite 
weights  of  the  factors  combine  to  form  definite  weights  of  the  products. 
So  it  follows  as  an  observed  and  obvious  consequence  and  corollary  of 
the  principle  of  constancy  of  composition  of  chemical  compounds,  that 
individual  substances^  elementary  or  compound^  reacting  chemically y  react 
in  fixed  and  definite  proportions  by  weight.  This  principle  is  known  as 
the  Law  of  Definite  Proportions. 

Weizhtsof  ^^^  ^^^  ^^  consider  more  particularly  the  relations  by 
Factors  and  weight  of  factors  and  products  in  the  reactions  which  we 
Products.  j^^yg  studied.  We  have  seen  that  92.60  parts  by  weight 
of  mercury  are  combined  with  7.40  parts  by  weight  of  .oxygen  in  100 
parts  by  weight  of  mercury  oxide,  and  that  79.90  parts  by  weight 
of  copper  are  combined  with  20.10  parts  by  weight  of  oxygen  to 
form  100  parts  by  weight  of  copper  oxide.  From  these  numbers 
we  may  find  the  proportions  of  mercury  and  copper,  respectively, 
which  will  combine  with  the  same  fixed  weight  of  oxygen,  stated 
in  grams  or  in  centigrams  or  in  terms  of  any  convenient  unit.  It 
has  been  found  by  experience  that  the  number  16  serves  most  con- 
veniently to  represent  the  fixed  parts  by  weight  of  oxygen  which 
enter  into  combination  with  various  elements.  Making  16  the  fixed 
parts   by  weight  of  oxygen  in  mercury  oxide,  we  find  the  parts  by 
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weight  of  mercury  combined  with  oxygen  in  mercury  oxide  by  solving 
the  proportion  : 

7.40  :  92.60=  16  :jc.     (;c  =  nearly  200.) 

We  learn  from  experiments  made  with  the  greatest  care  that  200  parts 
by  weight  of  mercury  are  combined  with  16  parts  by  weight  of  oxygen 
in  making  216  parts  by  weight  of  mercury  oxide. 

Similarly,  the  parts  by  weight  of  copper  combined  with  16  parts  by 
weight  of  oxygen  are  found  by  the  proportion  ; 

20.10:79.90=16:;!:.     (jc  =  63.6.) 

So  it  appears  that  63.6  parts  by  weight  of  copper  are  combined  in  cop- 
per oxide  with  16  parts  by  weight  of  oxygen  to  make  79.6  parts  by 
weight  of  copper  oxide.  The  expressions  by  which  we  represented  the 
analysis  of  mercury  oxide,  the  synthesis  of  copper  oxide,  and  the 
metathesis  between  copper  and  mercury  oxide  may  now  be  restated : 

Mercury  Oxide  =  Mercury  -|-  Oxygen 
216  200  16 

Copper  -f-  Oxygen  =  Copper  Oxide 
63.6  16  79.6 

Mercury  Oxide  -|-  Copper  =  Copper  Oxide  +  Mercury 
216  63.6  79.6  200 

Eqniralent  The  200  parts  by  weight  of  mercury  and  the  16  parts  by 
Proportions,  weight  of  oxygen  hold  one  another  mutually  in  combination 
in  mercury  oxide,  and  may  be  ^^id  to  represent  proportions  of  mercury 
and  oxygen  equivalent  to  one 'another.  Similarly,  the  63.6  parts  by 
weight  of  copper  and  the  16  parts  by  weight  of  oxygen  hold  one  another 
in  combination  in  copper  oxide  and  so  represent  proportions  of  copper 
and  oxygen  equivalent  to  one  another.  Furthermore,  the  200  parts  by 
weight  of  mercury  and  the  63.6  parts  by  weight  of  copper  are  the  pro- 
portionate parts  by  weight  which  are  capable  of  combining  with  16  parts 
by  weight  of  oxygen,  and  so  they  represent  proportions  of  mercury  and 
copper  equivalent  to  one  another.  Of  this  last  reaction  we  may  also  take 
another  view.  We  may  say  that  63.6  parts  by  weight  of  copper  are 
equivalent  to  200  parts  by  weight  of  mercury  because  63.6  parts  of 
copper  can  replace  200  parts  of  mercury  from  combination  with  16 
parts  of  oxygen,  and  the  200  parts  of  mercury  are  equivalent  to  the 
6^.6  parts  of  copper  by  which  they  are  replaced. 
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As  we  get  on  we  shall  see  that  200  parts  by  weight  of  mercury,  and 
63.6  parts  by  weight  of  copper  are  capable  of  combining  with  fixed  weights 
of  elements  other  than  oxygen,  of  replacing  one  another  or  of  being  re- 
placed by  one  another  in  combination  with  such  elements,  and  for  that 
reason  also  200  parts  of  mercury  and  63.6  parts  of  copper  must  repre- 
sent equivalent  proportions  of  these  elements ;  while  the  fixed  weight  of 
that  element  which  is  capable  of  combining  with,  replacing,  or  being 
replaced  by  200  parts  of  mercury  or  the  63.6  parts  of  copper  —  and  so 
of  combining  with  16  parts  of  oxygen,  or  of  replacing  16  parts  of  oxygen 
from  its  combinations  with  these  weights  of  mercury  and  copper  respec- 
tively, or  of  being  replaced  from  such  combination  by  16  parts  of 
oxygen  —  will  represent  a  proportion  of  that  element  equivalent  to  16 
parts  of  oxygen,  200  parts  of  mercury,  and  63.6  parts  of  copper. 
Equivalents  ^^  is  evident  now  that  we  may  establish  a  system  of 

of  Elements,  equivalents  which  shall  represent  the  proportionate  weights 
of  the  elements  —  mercury,  copper,  and  oxygen  —  in  the  reactions 
studied,  or  the  proportions  by  weight  in  which  these  elements  combine 
with  one  another,  replace  one  another,  or,  in  general,  enter  into  reac- 
tions with  one  another.  If  in  such  a  system  we  place  the  equivalent 
of  oxygen  at  16,  the  equivalent  of  copper  will  be  63.6  and  the  equiva- 
lent of  mercury  will  be  200.  In  general,  we  may  make  the  definition 
that  in  a  compound  consisting  of  two  elements  the  equivalent  of  an  ele- 
ment is  the  weight  of  that  element  which  will  combine  with^  replace y  or 
be  replaced  by  either  16  parts  by  weight  of  oxygen  or  that  weight  of 
some  other  element  which  is  capable  of  combining  withy  replacing^  or  being 
replaced  by  16  parts  by  weight  of  oxygen. 

It  must  be  noted,  however,  that  the  equivalent  of  an  element,  though 
invariable  in  a  given  compound  of  two  or  more  elements,  is  not  neces- 
sarily the  same  in  another  compound  of  the  same  elements.  Thus  in 
carbon  dioxide  the  equivalent  of  carbon  is  always  6,  while  in  carbon 
monoxide  it  proves  to  be  12,  oxygen  being  16.  This  is  a  matter  to 
which  we  shall  return. 

„    .    ,    ^  As  we  proceed  it  will  be  found  that  in  many  chemical 

Equivalents  *  ^ 

of  Complexes  reactions  occasions  will  arise  for  the  discussion  of  the  rela- 
"d  tions  of  compounds  containing  more  than  two  elements,  so 

*  that  we  shall  have  to  deal  with  given  complexes  or  aggre- 
gations of  elements,  such  for  example  as  the  complex  of  hydrogen 
and  oxygen  in  copper  hydroxide.    In  a  reaction  involving  such  a  complex 
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the  weight  of  the  complex  which  is  involved  in  the  chemical  change  with 
the  equivalent  of  an  element  is  the  equivalent  of  the  complex.  Moreover, 
since  a  definite  weight  of  a  compound  contains  elements  and  complexes 
of  elenoents  in  definite  weights,  it  is  reasonable  to  extend  the  use  of  the 
term  equivalent,  and  to  postulate  that  that  weight  of  a  compound  which 
contains  an  equivalent  of  any  chosen  element  or  complex  is  an  equivalent 
of  the  compound. 

Common  The  following  table  contains  some  equivalent  weights,  or 

Eqniyaients.     equivalents,  of  elements  and  of  compounds  with  which  we- 
shall  meet  in  the  reactions  to  follow,  and  which  are  in  common  use. 


COMMON  EQUIVALENTS 
Elements 


Bismuth 139.0 

Calciom 40.1 

Orbon {    '^■°° 

(     6.cx> 

Chlorine 70.90 

Copper     .     .    - 63.6 

Hydrogen 2J015 

Magnesium 24.36 

Mercury 200.0 


Nitrogen  . 


28.08 
14.04 

9.36 
7.02 

5.62 

Oxygen 16.00 

Potassium 78.30 

Sodium 46.10 

Sulphur 32.06 

Zinc 65.4 


COMPOUNBS 


Bismuth  trioxide    •    . 
Calcium  oxide    .     .     . 
Carbon  dioxide .     .     . 
Copper  oxide     .     .     . 
Hydrogen  oxide  (water) 
Mercury  oxide  .     .     . 
Nitrogen  pentoxide    . 
Zinc  oxide   .... 
Calcium  hydroxide    . 
Potassium  hydroxide  . 
Sodium  hydroxide 
Zinc  hydroxide     .     . 
Hydrogen  chloride    . 


465.00 
56.10 
44.00 
76.60 
18.02 

216.00 

108.08 
8140 
74.12 

112.32 
80.12 
99.42 
72.92 


Potassium  chloride  . 
Sodium  chloride  .  . 
Zinc  chloride  .  .  . 
Bismuth  nitrate  .  . 
Bismuth  hydroxynitrate 
Nitric  acid  .... 
Potassium  nitrate  .  . 
Sodium  nitrate  .  . 
Sulphuric  acid  .  . 
Magnesium  sulphate . 
Potassium  sulphate  . 
Potassium  hydrogen  sulphate 
Calcium  carbonate     .     .     . 


149.20 
117.00 
136,30 
789.24 
609.12 
126.10 
202.38 
170.18 
98.08 
12042 

174.36 
272.44 
100.10 


CHAPTER   III 

HYDROGEN 

Reaction  We  have  seen  that  hydrogen  may  be  produced  with  oxy- 

??  gen  by  the  electrolysis  of  water.     As  we  experiment  further 

with  we  find  that  hydrogen  may  be  evolved  from  some  substances 

Sulphuric       other  than  water. 

Let  us  try  the  effect  of  putting  a  small  piece  of  magne- 
sium into  a  test-tube  containing  a  little  dilute  sulphuric  acid. 
Instantly  we  note  an  effervescence  which  suggests  the  liberation  of 
some  form  of  gaseous  matter  into  the  atmosphere,  and  finally  the  entire 
disappearance  of  the  metal.  In  this  experiment  the  liquid  remains 
clear,  nothing  is  thrown  down  in  solid  form ;  but  if  after  the  action  is 
over  we  take  pains  to  evaporate  the  liquid  by  heat,  a  white  solid  sub- 
stance known  as  magnesium  sulphate  is  left,  from  which  by  appropriate 
chemical  means  the  exact  amount  of  magnesium  taken  can  be  recovered, 
p  ^  If  we  repeat  the  experiment  with  a  little  change  in  the 

of  Hydrogen    mode  of  manipulatipn,  we  shall  be  able  to  collect  the  gas 

from  evolved  and  to  test  it.     So  let  us  fill  a  test-tube  with  water. 

Magnesium 

and  containing  about  a  thirtieth  of  its  volume  of  sulphuric 

Sulphuric  acid,  cover  the  test-tube  tightly  with  the  thumb,  and  invert- 
ing it,  stand  it  in  a  dish  containing  the  same  mixture  of 
acidulated  water,  with  its  mouth  below  the  surface  of  the  liquid  in  the 
dish.  A  collar  made  of  a  strip  of  sheet  lead  slipped  over  the  tube 
holds  it  erect  when  left  alone.  Introduce  a  bit  of  magnesium  into 
the  slightly  inclined  tube  in  such  a  manner  that  no  air  may  enter-  The 
gas  evolved  remains  in  the  tube  unless  there  is  more  than  enough  to 
displace  the  water  entirely.  It  is  evidently  colorless,  and,  when  we 
remove  the  tube  from  the  dish,  first  closing  the  mouth  of  the  tube  with 
the  thumb,  proves  to  be  odorless  if  it  is  pure.  When  a  second  portion 
of  the  gas,  prepared  and  collected  in  the  same  manner,  is  ignited,  it 
burns  with  a  nearly  colorless  flame.     The  properties  of  this  gas  prove 
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upon  further  careful  examination  to  be  identical  with  those  of  hydrogen 
produced  in  the  electrolysis  of  water.  The  action  of  magnesium  upon 
dilute  sulphuric  acid  has  Produced  hydrogen.  The  reaction  may  be 
expressed  by  the  equation : 

Magnesium  -f  Sulphuric  Acid  =  Magnesium  Sulphate  -|-  Hydrogen 

Preparation  '^^  prepare  hydrogen  on  a  larger  scale  advantage  is  taken 
of  Hydrogen  of  the  fact  that  zinc,  which  is  less  expensive  than  magnesium, 
^m  inc  ^^^g  similarly  upon  sulphuric  acid,  with  the  production  of 
Solphnxic  hydrogen.  A  convenient  form  of  apparatus  for  generating 
'^"**  and  collecting  the  gas  consists  of  a  flask  holding  about 

250  cm.',  and  fitted  with  a  rubber  stopper  perforated  with  two  holes, 
through  one  of  which  passes  tightly  a  safety  funnel-tube,  and  through 
the  other  a  delivery  tube. 
Granulated  zinc  is  intro- 
duced into  the  flask,  the 
stopper  and  tubes  are  ad- 
justed, water  is  poured 
into  the  flask  until  the 
lower  end  of  the  safety 
tube  is  submerged,  a  few 
drops  of  a  solution  of  cop- 
per sulphate  are  intro- 
duced, to  cover  the  zinc 
with  a  slight  coating  of 
copper,  thus  making  an 
electric  couple  in  which 
the  zinc  is  more  sensitive  to  acid,  and  sulphuric  acid  is  added 
cautiously,  and  mixed  with  the  water  by  gentle  agitation  of  the  flask, 
until  the  evolution  of  gas  is  rapid  and  regular.  If  the  supply  of  gas 
slackens,  it  may  be  increased  by  further  addition  of  dilute  sulphuric 
acid,  until  the  zinc  is  exhausted.  The  first  portions  of  gas  escaping 
are,  of  course,  chiefly  air,  but  after  a  little  time  the  hydrogen  is 
delivered  in  fairly  pure  condition.  Upon  evaporating  the  liquid 
remaining  after  the  zinc  has  ceased  to  act  upon  the  sulphuric  acid  a 
white  substance,  zinc  sulphate,  is  obtained.  The  reaction  of  zinc  and 
sulphuric  acid  proceeds  according  to  the  equation : 

Zinc  -f  Sulphuric  Acid  =  Zinc  Sulphate  -f  Hydrogen 


Fig.  5. —  Preparation  of  Hydrogen. 
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Klpp 
Generator. 


For  the  continued  generation  of  hydrogen  in  considerable 
quantities  we  may  find  it  convenient  to  use  an  apparatus 
devised  by  Kipp,  which  consists  of  three  chambers.  The  uppermost 
chamber  is  extended  in  a  tube  which  fits  tightly  into  the  middle  chamber 

and  passes  loosely  through  the  constriction 
between  the  middle  chamber  and  the  lowest 
chamber  nearly  to  the  bottom  of  the  appa- 
ratus. A  delivery  tube,  fitted  with  a  stop- 
cock, leads  out  of  the  middle  chamber. 
We  place  a  sufficient  quantity  of  granulated 
zinc  in  the  middle  chamber,  adjust  the 
delivery  tube,  and  then  pour  dilute  sul- 
phuric acid  into  the  upper  chamber  until 
the  lower  chamber  is  filled,  and  the  acid 
comes  into  contact  with  the  zinc  in  the 
middle  chamber.  A  brisk  evolution  of 
hydrogen  is  now  set  up,  which  will  con- 
tinue as  long  as  zinc  and  sulphuric  acid 
remain,  or  until  the  stopcock  in  the  delivery 
tube  is  closed,  in  which  latter  case  the  con- 
tinued evolution  of  gas  forces  the  acid  off 
from  the  surface  of  the  zinc  and  stops  the  action  until  the  stopcock  is 
again  opened. 

For  collecting  the  gas  a  simple  form  of  pneumatic  trough  may  be 
easily  constructed  of  two  pans  of  tin  plate,  varnished  with  asphalt. 
The  larger  one  holds  water,  and  the  smaller  pan,  perforated  on  its  side 
and  bottom,  and  inverted,  serves  as  a  support  for  the  test-tubes  to 
serve  as  gas  receivers.  The  vessels  for  holding  the  gas  are  weighted 
with  lead  rings  to  give  them  stability,  and  having  been  previously  filled 
with  water,  are  placed  in  succession,  mouth  downward,  over  the  central 
hole  in  the  smaller  pan  which  is  submerged  beneath  the  water  to  a 
convenient  depth.  The  gas  is  delivered  to  the  interior  of  the  smaller 
pan  through  the  side  perforation  and  rises  into  the  tube  placed  to 
receive  it,  at  the  same  time  forcing  the  water  from  the  receiving  vessel 
downward  into  the  larger  pan.  In  this  manner  several  tubes  may  be 
filled  with  hydrogen  and  set  aside  for  examination. 

If  we  remove  one  of  these  tubes  containing  hydrogen  from  the 
trough,  having  first  stoppered  it  with  the  thumb,  and  apply  a  flame 


Fig.  6.  —  Kipp  Generator. 
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Buinine  of  *^  ^^®  mouth  of  the  tube,  the  same  nearly  colorless  flame 
Hydrogen  in  appears  which  we  saw  when  we  burned  the  gas  which  was 
^^'  produced  in  the  electrolysis  of  water,  and  by  acting  with 

magnesium  upon  sulphuric  acid.  IVA^n  the  hydrogen  is  mixed  with 
air  before  the  application  of  flame  the  combustion  takes  place  explosively 
throughout  the  mixture^  and  by  taking  pains  to  make  various  mixtures 
of  hydrogen  with  air  it  may  be  readily  shown  that  the  explosion  is  most 
xnolent  when  two  sevenths  of  the  iwlume  of  the  mixture  is  hydrogen  and 
five  sevenths  air — a  fact  for  which  we  shall  find  an  explanation  later. 
Explosion  of  ^  convenient  way  to  get  any  desired  mixture  of  hydrogen 
Hydiogen  and  air  is  to  introduce  into  a  test-tube  filled  with  water  the 
and  Air.  proper  amount  of  hydrogen,  and  then  by  cautiously  inclining 
the  tube  at  the  level  of  the  water  in  the  pneumatic  trough  to  allow  air  to 
enter  safely,  and  gradually  to  mix  with  the  hydrogen.  It  is  plain  that, 
in  order  to  avoid  dangerous  explosions,  the  greatest  care  should  be  taken 
never  to  bring  a  flame  near  the  gas  escaping  from  a  hydrogen  generator 
in  action  until  it  is  certain  that  the  gas  is  delivered  in  sufficiently  pure 
condition  to  be  inexplosive.  The  pure  gas  may  be  burned  safely  as  it 
issues  from  a  small  jet  attached  to  the  generator,  and  a  convenient 
test  of  purity  is  to  fill  a  tube  with  the  gas  and  see  if  the  small  portion 
thus  collected  burns  quietly  when  inflamed. 

Lightness  Let  US  vary  a  little  the  manipulation  of  the  experiment  in 

of  Hydrogen,  which  we  remove  fi*om  the  trough  a  tube  filled  with  hydro- 
gen and  apply  the  flame.  Let  us  this  time  simply  pick  up  the  tube 
containing  hydrogen  without  taking  pains  to  close  it,  and  carry  it  mouth 
downward  to  a  flame.  We  find  that  the  hydrogen  remains  in  the  tube 
and  bums  quietly.  It  would  seem  that  the  air  does  not  rise  at  all  rapidly 
into  the  tube  to  replace  the  hydrogen.  Take  another  tube  from  the 
trough,  hold  it  mouth  upward,  and  then  bring  it  to  the  flame.  This  time 
there  is  no  gas  to  inflame  in  the  tube ;  it  has  escaped.  Now  take  a 
third  tube  of  hydrogen  from  the  trough,  holding  it  mouth  downward, 
slowly  and  careftilly  invert  it  under  and  close  to  another  tube  held  ver- 
tically with  it8  mouth  downward,  and  then  after  an  interval  of  half  a 
minute  apply  a  flame  to  the  mouth  of  each.  If  the  experiment  has  been 
conducted  properly,  the  gas  in  the  tube  which  formerly  held  the  hydro- 
gen, now  held  mouth  upward,  does  not  ignite,  while  the  gas  in  the 
tube  held  mouth  downward  and  uppermost  explodes  when  the  flame 
approaches  it.     Evidently  we  have  been  able  to  pour  the  hydrogen  gas 
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upward,  displacing  the  air  from  the  upper  tube  to  make  room  for  it. 
We  may  illustrate  the  lightness  of  hydrogen  in  a  still  more  striking 
manner  by  suspending  from  one  arm  of  a  balance,  and  counterpoising, 
a  large  inverted  beaker,  and  then  bringing  under  the  beaker  a  cylinder, 
mouth  upward,  containing  hydrogen.  The  hydrogen  will  rise  rapidly 
from  the  cylinder  into  the  beaker,  as  is  evidenced  by  the  disturbance  of 
the  equilibrium  of  the  balance.  The  conclusion  that  hydrogen  is  lighter 
than  air  is  obvious.  Indeed,  hydrogen  is  the  lightest  form  of  matter 
known  to  exist.  By  most  careful  investigation  it  has  been  found  that 
/  liter  of  hydrogen  at  o°  and  under  j6o  mm.  pressure  (at  sea  iettelj  lati- 
tude 4j°)  weighs  o,o8gg  grm. 

Effect  of  ^^  ^^^^  found  out  that  hydrogen  is  colorless,  odorless. 

Hydrogen  on  and  is  combustible  in  contact  with  air,  and  that  it  is  very 
Combustion,    jjgj^^  ^g  compared  with  an  equal  volume  of  air.     We  have 

yet  to  test  its  behavior  toward  other  combustibles  —  to  see  whether  it 
will  support  the  combustion  of  substances  which  burn  freely  in  air.  This 
matter  may  be  easily  put  to  trial  by  taking  from  the  trough  another  tube 
of  hydrogen,  and,  while  holding  it  mouth  downward,  introducing  from 
below  a  small  lighted  taper.  The  gas  inflames  at  the  mouth  of  the  tube, 
but  tl^e  taper  as  it  passes  upwara  into  the  hydrogen  is  extinguished, 
to  be  rekindled  as  it  is  withdrawn  through  the  hydrogen  still  burning  on 
its  surface  of  contact  with  the  air;  and  this  process  of  extinguishing  the 
taper  by  putting  it  into  the  hydrogen  and  relighting  it  by  returning  it 
through  the  flame  into  the  air  may  be  repeated,  if  the  tube  is  large 
enough,  several  times.  The  taper  is  typical  of  other  substances  which 
burn  in  air.  It  has  been  found  by  experiment  that  substances  which 
burn  in  air,  and  which  are  commonly  called  combustible,  do  not  burn 
in  hydrogen.  Hydrogen  is  itself  combustible ^  but  does  not  support  com- 
bustion of  ordinary  combustibles, 

ti  f  ^^  these  experiments  we  have  been  handling  hydrogen 
Water  by  collected  over  water,  and  so  have  been  led  to  overlook  a 
burning  most  important  fact.     If,  as  in  a   former  experiment  with 

hydrogen  produced  in  the  electrolysis  of  water,  we  take  the 
precaution  to  attach  to  the  generator  a  tube  filled  with  calcium  chlo- 
ride, a  substance  without  action  on  hydrogen  but  possessing  a  great 
attraction  for  water,  we  may  insure  the  dryness  of  the  hydrogen,  and  if 
we  connect  the  end  of  this  drying  tube  with  a  glass  tube  bent  in  a  right 
angle,  it  is  possible  to  fill  tubes  with  dry  hydrogen  by  the  downward 
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displacement  of  the  air.  It  is  best  in  this  process  to  insert  the  delivery 
tube  to  the  extreme  end  of  the  test-tube,  held  vertically  with  its  mouth 
downward. 

When  a  dry  test-tube,  filled  with  hydrogen  that  has  been  rendered 
dry  by  this  process,  is  brought  to  a  flame,  and  slowly  inverted,  so  that 
the  resulting  flame  of  burning  hydrogen  may  travel  the  entire  length  of 
the  tube,  close  observation  will  reveal  the  deposition  of  moisture  on  the 
walls  of  the  tube ;  the  same  deposition  of  moisture  may  be  observed 
when  a  mixture  of  dry 
hydrogen  and  air  is  ex- 
ploded in  a  tube ;  and 
if  the  dry,  pure  hydro- 
gen is  ignited  as  it 
issues  from  the  gener- 
ator and  allowed  to 
bum  inside  a  tall,  dry 
glass  chimney  or  flask, 
the  production  of  mois- 
ture is  very  obvious. 
This  moisture  is  water,  ^/^', 
and  water f  or  hydrogen 
oxide,  which  as  we 
have  seen  is  a  com- 
pound of  hydrogen  and 
oxygen,  is  produced  by  the  burning  of  hydrogen  in  air.  This  fact,  first 
observed  by  Henry  Cavendish,  of  England,  gives  the  reason  for  assigning 
to  the  element  the  name  Hydrogen,  formed  from  two  Greek  words, 
meaning  "  water  "  and  "  I  produce."     Hydrogen  is  the  water  producer. 

In  this  experiment  we  have  incidentally  the  proof  of  the  fact,  previ- 
ously stated  only,  that  air  contains  oxygen.  When  the  hydrogen  burns 
in  air  to  form  water,  it  simply  combines  with  oxygen  contained  in  the 

air. 

Hydrogen  -|-  Oxygen  =  Hydrogen  Oxide 


Fig.  7.  —  Formation  of  Water  by  burning  Hydrogen  in  Air. 


Weight  of 
Hydrogen 
evolved  by 
o.x  gnn.  of 


We  have  found  that  the  metals  magnesium  and  zinc  are 
capable  of  producing  hydrogen  from  sulphuric  acid.  It  is 
natural  for  us  next  to  inc^uire.  How  much  hydrogen  may  be 
replaced  in  sulphuric  acid  by  a  given  weight  of  magnesium 


Hagnentim.    ^j.  ^^  ^inc  ?   Or,  in  other  words,  what  are  the  fixed  and  definite 
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proportions  by  weight  in  which  these  metals  and  hydrogen  are  involved 
in  these  particular  chemical  changes  ?  We  may  answer  this  question  by 
acting  upon  a  known  weight  of  either  metal  with  an  excess  of  sulphuric 
acid,  and  either  noting  the  weight  of  hydrogen  evolved,  or  measuring  its 
volume  at  any  given  temperature  and  pressure,  and  then  calculating  its 
weight. 

Let  us  first  determine  by  experiment  what  weight  of  hydrogen  may  be 
replaced  in  an  excess  of  sulphuric  acid  by  o.i  grm.  of  magnesium.  It  is 
extremely  difficult  to  collect,  and  either  weigh  or  measure  directly,  so 
light  a  body  as  hydrogen,  ajnd  for  this  reason  we  will  devise  a  method 
for  determining  indirectly  the  weight  of  the  hydrogen  evolved.  A  very 
simple  apparatus  enables  us  to  accomplish  this  result  with  a  fair  degree 

of  accuracy.  Two  little 
flasks  A  and  B^  each 
of  about  50  cm.*  ca- 
pacity, are  dried  and 
fitted  with  rubber  stop- 
pers, each  perforated 
with  two  holes.  Each 
fiask  is  provided  with 
a  short,  straight  glass 
tube,  fitting  closely  and 
just  passing  through 
one  of  the  perforations 
in  the  stopper.  A  glass 
tube,  bent  twice  at  a 
right  angle,  connects 
the  interior  of  the  two 
flasks,  reaching  from 
about  I  cm.  below  the 
neck  of  A  nearly  to 
chamber  in  which  the 


Fig.  8. —  Determination  of  the  Weight  of  Hydrogen  evolved 
by  Action  of  Sulphuric  Acid  upon  a  known  Weight  of 
Magnesium.  —  a.  Evolution  of  Hydrogen. 


the  bottom  of  B.     The  first  flask  A  furnishes 

reaction  between  magnesium  and  sulphuric  acid  may  take  place,  and 
the  second  flask  B  serves  to  contain  a  quantity  of  sulphuric  acid,' from 
which  a  small  amount  may  be  drawn  into  A  to  effect  the  desired 
reaction,  while  the  remainder  of  the  acid,  still  contained  in  B^  will,  by 
absorption,  prevent  moisture  from  leaving  the  apparatus  during 'the 
course  of  the  experiment.  Care  should  be  taken  to  see  that  the  end 
of  the  bent  tube  through  which  the  sulphuric  acid  is  drawn  into  A 
shall  be  so  much  lower  than  the  end  of  the  straight  tube  that  there 
shall  be  no  danger  of  acid  getting  into  the  straight  tube. 

Let  us,  then,  put  enough  water  into  A  to  fill  it  to  a  depth  of  about 
1.5  cm.,  and  into  B  let  us  pour  strong  sulphuric  acid  to  a  depth  of 
about  2  cm.  Weigh  out  carefully  about  o.i  grm.  of  clean  magnesium 
ribbon,  and  put  it  into  A,  Place  the  two  stoppers,  containing  the  short 
straight  tubes,  and  connected  by  the  bent  tube,  securely  into  the  necks 
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of  the  two  flasks,  taking  care  to  see  that  all  joints  are  tight,  and 
that  the  connecting  tube  reaches  only  to  the  neck  of  A,  and  nearly  to 
the  bottom  of  B.  Now  counterpoise  very  carefully  this  whole  appara- 
tus upon  a  balance  capable  of  indicating  milligrams  or  less.  While,  for 
this  purposcy  a  sensitive  balance  of  precision  is  best,  with  careful  manipu- 
lation an  ordinary  hand  scale,  provided  with  a  pointer  to  indicate 
slight  variations  from  a  condition  of  equilibrium,  will  serve  fairly  well. 
Let  us  suspend  the  apparatus,  properly  arranged,  across  one  of  the  pans 
of  such  a  hand  scale,  and  add  weights  to  the  other  pan  until  the  oscilla- 
tions of  the  pointer  indicate  very  exactly  the  condition  of  equilibrium. 

Then,  leaving  the  counterpoising  weights  on  the  scale,  remove  the 
apparatus,  attach  a  small  rubber  suction  tube  to  the  straight  tube  of  A, 
which  contains  the  magnesium  and  water,  and  very  cautiously  draw  a 


Fig.  9.  —  Determination  of  the  Weight  of  Hydrogen  evolved  by  Action  of  Sulphuric 
Acid  upon  a  known  Weight  of  Magnesium.  —  A.  Removing  the  Hydrogen  from  the 
Apparatus. 

little  of  the  sulphuric  acid  from  B  over  into  A,  instantly  closing  the  end  of 
the  straight  tube  of  A  with  a  rubber  cap,  made  by  closing  with  a  bit  of 
glass  rod  one  end  of  a  short  piece  of  small  rubber  tubing.  The  acid 
mixes  with  the  water  in  A,  and  acts  upon  the  magnesium  with  liberation 
of  hydrogen,  which  can  escape  only  through  B.  The  strong  sulphuric 
acid  in  B  has  a  powerful  attraction  for  water,  and  for  this  reason  it 
retains  any  traces  of  moisture  which  may  be  carried  over  mechanically 
with  the  escaping  hydrogen,  and  thus  prevents  any  loss  of  weight  by 
loss  of  water.  If  the  evolution  of  gas  ceases  before  the  magnesium  has 
entirely  disappeared,  we  must  again  transfer  a  little  more  acid  from 
B  to  A  in  the  same  manner  as  before,  and  the  operation  must  be  con- 
tinued until  all  evolution  of  hydrogen  has  ceased.  The  apparatus  should 
now  contain  all  the  material  originally  contained  in  it  except  some  of 
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the  hydrogen  evolved,  and  the  greater  part  of  the  air  originally  present 
which  has  been  forced  out  through  the  sulphuric  acid. 

A  considerable  amount  of  the  evolved  hydrogen,  doubtless  with  some 
of  the  original  air,  must  still  be  present  in  the  two  flasks.  Such  residual 
hydrogen  should  be  readily  removed  by  drawing  a  currenl  of  air  from 
the  outside  through  both  flasks.  Let  us  remove  the  cap  from  the 
straight  tube  of  A,  attach  a  drying  tube,  containing  fused  calcium  chlo- 
ride, in  its  place,  to  remove  moisture  from  the  external  air  as  it  is  subse- 
quently introduced  into  the  apparatus,  connect  the  straight  tube  of  B 
with  the  suction  tube,  and  draw  air,  best  by  means  of  an  aspirating 
pump,  through  the  flask  for  some  minutes  in  order  to  replace  the 
hydrogen  entirely  by  air.  When  this  is  accomplished,  the  apparatus  is 
in  exactly  the  same  condition  as  it  was  when  first  counterpoised  upon 
the  scale,  except  that  the  hydrogen  liberated  by  the  magnesium  has  been 
removed. 

If  we  now  replace  the  apparatus  upon  the  scale  pan,  we  are  not  sur- 
prised to  discover  that  it  is  appreciably  lighter  than  it  was  before.  We 
have  taken  precautions  to  prevent  the  addition  to  the  system  of  mois- 
ture or  other  external  matter,  excepting  an  amount  of  air  just  equal  to 
that  originally  present,  and  we  have  been  equally  careful,  wtiile  remov- 
ing the  last  trace  of  liberated  hydrogen,  to  guard  against  the  escape  of 
any  matter  other  than  hydrogen.  We  feel  certain,  therefore,  that  the 
loss  of  weight  sustained  by  the  system  is  equal,  within  the  limits  of 
experimental  error,  to  the  weight  of  the  hydrogen  set  free  from  sul- 
phuric acid  by  the  magnesium.  This  weight  we  will  determine  by  add- 
ing weights  to  the  scale  pan  containing  the  apparatus  until  equilibrium  is 
again  established.  Practically  we  find  that  o.i  grm.  of  magnesium  sets 
free  approximately  0.008  grm.  of  hydrogen,  or,  in  other  words,  i  part  by 
weight  of  magnesium  sets  free  0.08  parts  by  weight  of  hydrogen.  Repeated 
experiments  with  the  hand  scale,  in  spite  of  our  somewhat  rough  ma- 
nipulation, should  give  fairly  accordant  results.  When,  however,  we 
employ  a  delicate  balance  of  great  precision,  and  take  every  possible 
precaution  to  insure  accuracy,  7ae  find  ^ravi metrically  that  i :  0.082"/  is 
the  fixed  and  definite  proportion  by  iveitrht  in  which  magnesium  and 
hydrogen  invariably  take  part  in  the  particular  chemical  change  we  have 
studied. 

Volume  of  '^^^  indirect  determination  of  the  weight  of  hydrogen  re- 

Hydrogen  placed  in  sulphuric  acid  by  o.i  grm.  of  magnesium  is  accom- 
evolved  by  plished  somewhat  more  simply  by  measurement  of  the  volume 
0.1  gnn.  of  of  hydrogen  evolved.  Fill  with  water,  containing  about  a 
Magnesium,  thirtieth  of  its  volume  of  sulphuric  acid,  a  flask  of  about 
150  cm.'  capacity  ;  fit  a  strip  of  sheet  lead  about  the  neck  of  the  flask  so 
that  when  the  flask  is  subsequently  inverted  it  will  stand  upright ;  put 
into  a  beaker  of  water  alxDut  0.1  grm.  of  magnesium  ribbon,  carefully 
weighed,  and  rolled  up  compactly  ;  close  the  flask  with  the  hand  to  pre- 
vent entrance  of  air,  and  inverting   it,  place  the  mouth  of  the    flask 
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directly  over  the  magnesium,  so  that  as  the  acidulated  water  mixes 
with  the  water  in  the  beaker,  and  acts  upon  the  magnesium,  the 
hydrogen  set  free  on  the  surface  of  the  magnesium  may  all  rise  into  the 
flask  and  be  collected.  When  the  magnesium  has  all  disappeared,  we 
have  collected  in  the  flask,  by  downward  displacement  of  the  acidulated 
water,  the  hydrogen  which  has  been  set  free.  It  remains  to  determine 
the  volume  and  then  the  weight  of  the  hydrogen. 
Law  of  The  relation  between  the  volume  and 

Boyi9.  the  weight   of  any   gas   varies,  as  we 

know,  with  the  temperature  and  pressure  of  the 
gas.  According  to  the  Law  of  Boyle,  which  is  not 
absolute,  but  applicable  with  a  high  degree  of  accu- 
racy to  many  gases  for  considerable  variations  of 
pressure,  the  volume  of  a  definite  weight  of  a  gas  at 
constant  temperature  is  inversely  proportional  to  the 
pressure.  If  the  pressure  is  doubled,  the  gas  is 
compressed  to  half  the  original  volume  ;  and  if  the 
pressure  is  halved,  the  volume  is  doubled.  In 
general,  if  V  and  V*  represent  the  volumes  of  a 
definite  weight  of  gas  under  the  conditions  of 
pressure  indicated  by  P  and  P\  we  have 

V  :  V'=^P'  '.P 


and 


r'  = 


VP 


Fig.  10.  —  Determination 
of  the  V'olumeof  Hydro- 
gen evolved  by  Action 
of  Sulphuric  Acid  upon 
a  known  Weight  of 
Magnesium. 


Barometer. 


To  measure  the  pressure  of  a  gas  we  generally  determine 
how  high  a  column  of  mercury  it  is  capable  of  support- 
ing. If  a  tube  of  sufficient  length  and  closed  at  one  end  be  filled 
with  mercury  and  inverted  without  admission  of  air,  and  so  placed  that 

its  mouth  is  beneath  the  surface  of  mercury  in  an  open 
vessel,  the  mercury  sinks  in  the  tube,  leaving  above  its 
level  a  vacuum  complete  but  for  traces  of  mercury  vapor, 
to  such  a  point  that  the  downward  pressure  of  the  liquid 
mercury  due  to  gravity,  and  in  very  small  degree  by  its 
vapor  pressure,  just  balances  the  pressure  of  atmosphere 
upon  the  mercury  in  the  dish.  At  the  sea  level  the 
column  of  mercury  thus  supported  stands  on  the  average 
at  76  cm.  or  760  mm.  above  the  surface  of  mercury  in 
the  dish,  but  this  normal  height  of  the  column,  corre- 
sponding to  the  normal  atmospheric  pressure  at  the  sea 
level,  in  latitude  45°,  and  at  0°,  is  subject  to  variations 
corresponding  to  the  alterations  in  atmospheric  pressure 
F  •  —  n  which  accompany  changes  of  altitude  in  relation  to  the 
Mercury  Ba-  ^ea  level,  to  weather  changes  and  in  slight  degree  to 
rometer.  changes  in  latitude.     The   ordinary   mercury   barometer 
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which  we  use  to  measure  air  pressures  is  a  simple  graduated  tube  of 
convenient  length,  filled  very  carefully  with  pure  dry  mercury,  inverted, 
and  so  arranged  that  a  column  of  mercury  is  sustained  within  it  by 
the  pressure  of  the  air  upon  the  surface  of  the  mercury  which  seals  it. 

According  to  the  Law  of  Charles^  the  volume  of  a  definite 
CHarhB.  weight  of  a  gas  under  constant  pressure  varies  directly  as 

the  so-called  ^^  absolute  temperature,*'  This  is  simply  a 
uniform  scale  the  zero  of  which  is  273°  below  the  melting  point  of  ice, 
the  zero  of  the  centigrade  scale,  while  373°  on  the  absolute  scale  repre- 
sents the  temperatures  of  water  boiling  under  normal  atmospheric  pres- 
sure. Practically,  we  measure  "absolute  temperatures"  by  taking  the 
observed  temperatures  of  the  centigrade  scale  and  adding  to  them  the 
number  273.  If  V  and  V*  represent  the  volumes  of  a  definite  weight 
of  gas  at  constant  pressure  under  varying  conditions  of  temperature, 
while  T  and  T'  represent  the  varying  temperatures  measured  upon  the 
absolute  scale,  then 

V:V'=^T:T* 

and  P=  — -li 

T 

When  a  change  of  volume  of  a  gas  due  to  changing  pressure,  and  a 
change  of  volume  due  to  *  changing  temperature,  take  place  simulta- 
neously, the  new  volume  V^  may  be  foupd  from  the  expression 

VPT^ 
J/'  — 

Now,  returning  to  the  case  of  the  hydrogen  obtained  by  the  action  of 
magnesium  upon  the  dilute  sulphuric  acid,  we  may  assume  the  tempera- 
ture of  the  hydrogen  to  be  the  same  as  that  of  the  liquid  in  the  flask. 
Let  us  make  the  pressure  under  which  the  hydrogen  is  confined  equal  to 
that  of  the  air  outside  by  so  placing  the  flask  that  the  level  of  the  liquid 
is  the  same  within  the  neck  of  the  flask  and  in  the  beaker.  Holding  the 
flask  in  this  position,  close  the  mouth  of  it  with  a  glass  plate,  then 
quickly  turn  the  flask  mouth  upward,  determine  the  temperature  of  the 
liquid  remaining  in  the  flask,  and  then  measure  carefully  the  volume  of 
this  hquid.  Now  fill  the  flask  to  overflowing  with  water,  cover  it  exactly 
with  a  glass  plate,  taking  care  that  no  bubbles  of  air  shall  be  included, 
and  measure  the  water  contained  in  the  full  flask.  The  difference 
between  the  two  measured  volumes  is  the  volume  of  the  hydrogen 
measured  under  the  prevailing  conditions  of  temperature  and  pressure. 
We  have  determined  with  sufficient  exactness  the  temperature  of  the 
hydrogen  by  observing  the  temperature  of  the  liquid  in  the  flask.  To 
complete  our  data  we  have  only  to  determine  the  pressure  of  the  air, 
and  consequently  that  of  the  hydrogen,  by  reading  the  height  of  the 
mercury  in  a  barometric  tube  at  the  time  and  place  of  the  experiment. 
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Calcnlatioii  ^'  ^^  customary,  in  stating  the  volume  of  gas  concerned  in 
of  Weight  of  a  chemical  reaction,  to  give  the  volume  which  the  quantity 
Hydrogen  of  gas  in  question  will  occupy  under  standard  conditions,  — 
from  its  that  is  at  0°,  and  under  a  pressure  equal  to  that  atmos- 

Volnme.  pheric  pressure  which  supports  a  column  of  mercury  760  mm. 

high  in  latitude  45**.  Suppose  that  in  an  experiment  conducted  in  the 
manner  described,  o.  i  grm.  of  magnesium  yielded  98.6  cm.*  of  hydrogen, 
while  the  thermometer  immersed  in  the  water  in  the  flask  registered  16°, 
and  the  barometer  stood  at  759  mm.  We  are  to  ascertain  the  volume 
which  the  98.6  cm.*  of  hydrogen  would  occupy  at  0°,  under  a  pressure  of 
760  mm.  at  the  sea  level  in  latitude  45°. 

Substituting  for  V  in  the  formula  given  above  the  observed  volume  of 
hydrogen,  98.6 ;  for  P^  the  observed  pressure,  759,  disregarding  as  insig- 
nificant for  our  present  purpose  minor  corrections  of  the  observed 
height  of  the  barometer;  for  P\  the  normal  pressure,  760;  for  T^ 
16 -f- 273,  the  observed  temperature  on  the  centigrnde  scale  increased 
by  273  j  for  T'',  o  H-  273,  the  absolute  temperature  for  0° ;   we  have, 

V  =  98-6  X  759  X  (0  +  273)  ^  ^^ , 

760  X  (16  +  273) 

We  may  say,  then,  that  the  hydrogen  replaced  in  sulphuric  acid  by  o.i 
grm.  of  magnesium  will  measure  93.02  cm.*  under  standard  conditions  of 
temperature  and  pressure. 

In  order  to  find  the  weight  of  any  given  volume  of  hydrogen,  it  is  only 
necessary  to  make  use  of  the  datum  that  i  liter  of  hydrogen  at  0°  and 
760  mm.  at  sea  level  in  latitude  45''  weighs  0.0899  grm.,  and  that  i  cm.* 
of  hydrogen  under  the  same  conditions  weighs  0.0000899  grm.  Whence 
we  have,  for  the  special  case  in  hand,  Qj.02  X  o.ooooSgg  =  0,0084  grm, 
as  the  weight  of  hydrogen  replaced  in  sulphuric  acid  by  O.i  grm,  of  magne- 
sium^ a  result  closely  in  accord  with  that  obtained  from  our  former 
gravimetric  experiments.  By  most  carefully  executed  volumetric  experi- 
ments^ we  find  that  i :  o,o82y  is  the  fixed  and  definite  proportion  by 
weight  in  which  magnesium  and  hydrogen  take  part  in  the  particular 
chemical  change  we  have  studied. 

Were  we  to  make  similar  experiments,  using  suitable  weighed  quanti- 
ties of  zinc  instead  of  magnesium,  we  should  find  i :  0,0308  to  be  the 
fixed  and  definite  proportion  in  which  zinc  and  hydrogen  take  part  in 
the  chemical  change. 

When  we  shall  have  found  the  equivalent  of  hydrogen,  these  ratios, 
I  :  0.0827  and  1 :  0.0308,  will  enable  us  to  determine  the  equivalents  of 
magnesium  and  zinc  respectively. 


CHAPTER   IV 

OXYGEN  AND  OXIDES 

We  have  seen  that  the  gas  evolved  at  the  negative  pole  of  the  battery 
during  the  electrolysis  of  water  is  hydrogen,  while  that  liberated  at  the 
positive  pole  is  in  volume  about  half  as  great  as  the  hydrogen,  has  prop- 
erties quite  distinctive  from  those  of  hydrogen,  and  is  called  oxygen. 
We  have  already  studied  hydrogen  somewhat  particularly,  and  we  will 
now  turn  our  attention  to  the  other  gas  evolved  in  the  electrolysis  of 
water,  oxygen. 

Withdrawal  ^^hen  hydrogen  burns  in  air  water  is  formed ;  in  the 
of  Oxygen  decomposition  of  water  hydrogen  is  recovered  antl  oxygen 
from  Air.  jg  ^^^  liberated,  and  the  inference  that  oxygen  is  extracted 
from  air  by  burning  hydrogen  is  plain.  Investigation  shows  that  many 
other  substances  possess,  like  hydrogen,  the  power  of  withdra^ving  oxygen 
from  air  and  combining  with  it  to  form  compounds  from  7vhich  it  is  ofte-n 
possible  by  suitable  means  to  isolate  the  oxygen  in  free  condition.  The 
element  mercury,  for  example,  is  such  a  substance,  and  when  it  is  heated 
in  air  to  a  temperature  a  little  below  357°,  its  boiling  point,  it  slowly 
changes  to  a  red  powder,  already  familiar  to  us,  which  at  a  higher  tem- 
perature is  resolved  again  into  mercury  and  oxygen  gas.  The  combina- 
tion of  mercury  with  the  oxygen  of  the  air  takes  place  but  slowly,  so  that, 
when  we  desire  to  prepare  oxygen  from  the  red  mercury  compound,  we 
find  it  more  convenient  to  start  with  the  compound  ready  made  by 
another  process. 

Preparation  ^°  ^^^  "^  proceed  to  fill  a  hard  glass  tube,  about  i  cm.  in 
of  Oxygen  diameter  and  sealed  at  one  end,  about  half  full  of  the  red 
^^  mercury  oxide,  fit   to   the   open    end   a   delivery   tube. 

Oxide.  place  the    tube  in    a    furnace  consisting  of  a    number   of 

Bunsen  burners  set  in  line,  dip  the  delivery  tube  beneath 
the  surface  of  water  in  a  i)neumatic  trough,  and  heat  the  tube  to  low 
redness.     As  the  experiment  progresses,  oxygen  is  given  off,  and  mer- 

34 


OXYGEN   AND   OXIDES 


35 


Fig.  12.  —  Heating  Mercury  Oxide. 


cury  condenses  and  collects  in  the  cooler  parts  of  the  tube  as  we  have 
also  seen  in  an  earlier  experiment.  When  the  air  present  at  first  is  out  of 
the  tube,  the  gas  collected  is  pure  oxygen  Uke  that  formed  by  the  electrol- 
ysis of  water,  and,  at  ordinary  temperatures  and  pressures,  is  colorless  and 
odorless.  A  liter  of  oxygen  at  o°  and  j6o  mm.^  at  sea  level  in  latitude 
^j®,  weighs  iuf2gi  grm,,  so  oxygen 
is  ij.go  times  as  heavy  as  an  equal 
volume  of  hydrogen  under  standard 
conditions.  When  we  apply  a  lighted 
taper  to  the  mouth  of  a  tube  in  which 
the  gas  has  been  collected,  we  see, 
as  before,  that  the  oxygen  is  incom- 
bustible itself,  but  aids  greatly  in  the  combustion  of  the  taper.  These 
characteristic  properties  of  oxygen  are  always  observable  in  that  element, 
however  it  may  be  produced.  It  was  by  concentrating  the  sun's  rays 
on  mercury  oxide  by  means  of  a  burning  glass  that  Joseph  Priestley, 
of  England,  in  1774,  prepared  oxygen,  so  that  this  particular  process 
possesses  historic  interest. 

A  more  practical  method  for  the  production  of  oxygen  in 
considerable  quantities  consists  in  heating  potassium  chlo- 
rate, a  substance  very  rich  in  oxygen,  and  collecting  the 
gas  liberated.  The  action  is  greatly  facilitated  by  the  pres- 
ence with  the  potassium  chlorate  of  an  equal  weight  of  man- 
ganese dioxide,  which,  though  remaining  at  the  end  of  the  operation 
practically  unchanged,  yet  serves  a  most  useful  purpose  in  enabling  the 
oxygen  to  escape  from  the  potassium  chlorate  at  a  temperature  much 
lower  than  would  be  otherwise  possible.  Indeed,  the  evolution  of  the 
gas  from  the  mixture  proceeds  so  rapidly,  when  the  action  once  begins, 
that  it  is  wise  to  provide  beforehand,  filled  with  water  and  standing  in 
readiness  in  the  pneumatic  trough,  the  glass  vessels  in  which  the  gas  is 
to  be  collected.  It  is  well  before  the  experiment  to  test  the  purity  of 
the  manganese  dioxide  and  potassium  chlorate  employed  by  heating  a 
small  quantity  of  the  prepared  mixture  of  these  substances  in  a  test-tube. 
Care  must  be  taken  to  guard  against  accidents  which  may  result  from  too 
violent  delivery  of  oxygen  or  clogging  of  the  tubes.  For  the  production 
of  oxygen  on  a  large  scale  metallic  retorts  and  connections  are  preferable. 
For  the  production  of  oxygen  for  demonstration,  let  us  half  fill  a 
30  cm.^  round-bottomed  flask,  made  of  hard  glass,  with  an  intimate  mix- 


Preparatioii 
of  Oxygen 
from 

Potassium 
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ture  of  equal  quantities  of  powdered  manganese  dioxide  and  granu- 
lated or  powdered  potassium  chlorate.  Arrange  the  flask  in  a  nearly 
horizontal  position^  and  connect  it  with  a  delivery  tube  of  large  diame- 
ter. The  connection,  to  guard  against  clogging  of  the  delivery  tube,  is 
best  made  by  tightly  stretching  a  short  piece  of  rubber  tubing  over  both 
the  delivery  tube  and  the  neck  of  the  flask  brought  close  together.  To 
provide  for  the  removal  from  the  gas  of  solid  matter  which  may  tend  to 
be  carried  over  mechanically,  arrange  the  delivery  tube  so  that  it  reaches 
nearly  to  the  bottom  of  a  tightly  stoppered  washing  flask,  partly  filled 
with  water,  and  from  the  upper  part  of  the  flask  arrange  another  tube  to 
carry  away  the  purified  gas.  Heat  the  generator  flask  and  contents  very 
gradually  with  an  open  flame,  held  conveniently  in  the  hand.     When  the 


Fig.  13.  —  Heating  Potassium  Chlorate  and  Manganese  Dioxide. 

evolution  of  oxygen  becomes  rapid  and  regular  the  flame  need  be  no 
longer  employed,  and  when  the  evolution  entirely  ceases  the  delivery 
tube  should  be  immediately  removed  from  the  washing  flask  to  prevent 
the  drawing  up  of  water  into  the  generator  flask  wiiile  the  latter  is  cooling. 
Burning  of  ^^^^^  ^^  abundant  supply  of  oxygen,  contained  conven- 

Substances  iently  in  covered  glass  cylinders,  we  may  extend  our  experi- 
in  Oxygen.  mentation  to  the  study  of  the  behavior  of  combustibles  in 
oxygen.  When  a  splinter  of  wood,  barely  kindled  in  the  air,  is  lowered 
into  a  vessel  of  oxygen,  it  bursts  into  flame,  and  smouldering  charcoal, 
under  the  same  circumstances,  glows  brightly.  A  bit  of  sulphur,  burn- 
ing in  air  with  a  pale  bine  light,  flames  up  with  greater  brilliance  when 
put  into  oxygen,  and  a  piece  of  ignited  phosphorus  emits  dazzling 
light  in  oxygen. 


OXYGEN   AND   OXIDES  37 

Some  substances,  not  ordinarily  classed  among  combustibles  in  air, 
bum  readily  in  oxygen.  A  steel  watch  spring,  for  example,  though 
heated  to  a  red  heat,  cools  in  air  as  soon  as  the  source  of  heat  is 
removed,  and  is  simply  incrusted  with  the  blacksmith's  scale  of  burnt 
iron ;  but  if  we  take  the  pains  to  make  a  little  spiral  of  such  a  spring, 
by  winding  it  tightly  upon  a  glass  rod  and  heating  it  in  that  position 
until  the  temper  of  the  steel  is  so  far  removed  that  the  spring  remains 
coiled  when  loosened  from  the  rod,  attach  to  the  end  of  the  spiral  a  bit 
of  wood,  ignite  the  wood  and  plunge  the  spiral  into  a  roomy  jar  of  oxy- 
gen, the  heat  from  the  burning  wood  is  sufficient  to  kindle  the  steel  in 
the  oxygen  to  vivid  combustion,  accompanied  by  brilliant  scintillations 
of  the  scattered  fragments  of  burning  iron.  A  considerable  portion  of 
the  metal  burns,  but  the  heat  generated  in  the  process  is  so  intense  that, 
before  the  oxygen  can  get  at  all  the  iron  to  combine  with  it,  globules 
of  the  melted  metal  are  loosened  from  the  spring,  and  fall ;  so  that  it  is 
a  wise  precaution  to  prevent  breakage  of  the  jar  in  this  experiment  by 
using,  to  contain  the  oxygen,  a  bottomless  jar  standing  in  water. 
Qj^^_  Hydrogen,  as  we  have  seen,  combines  with  pure  oxygen 

hydrogen  or  oxygen  in  air.  An  -  easy  and  safe  way  of  bringing  about 
Blowpipe.  jj^g  combination  of  hydrogen  with  oxygen  is  by  means  of  the 
oxyhydrogen  blowpipe.  In  this  apparatus  each  gas  is  conveyed  from 
the  iron  tank,  or  other  reservoir  containing  it,  through  a  separate  pipe  to 
the  point  where  the  two  gases  meet.  The  hydrogen  is  ignited  first  in  the 
air,  and  the  oxygen  is  then  gradu-  ^^^_4->^^:^^^^^ 
ally  turned  on  and  admitted  to  the 
interior  of  the  hydrogen  flame, 
until  the  combustion  appears  to  be 
at  its  greatest  intensity.  Naturally 
oxygen  of  the  surroundingair  takes 
part  in  the  combustion  of  the  hydrogen  on  the  outside  of  the  flame,  but 
when  the  oxygen  is  supplied  liberally,  the  chief  part  of  the  combustion 
takes  place  between  the  pure  oxygen  and  the  hydrogen.  The  light  pro- 
duced by  the  flame  itself  is  very  faint ;  but  the  heat  is  the  most  intense 
obtainable  by  artificial  means  with  the  exception  of  that  of  the  electric 
arc,  and  when  supplied  to  many  solid  substances  is  capable  of  raising 
them  to  a  temperature  at  which  they  glow  with  great  brilliance.  The 
Calchim  calcium  light,  so  frequently  employed  for  powerful  illumina- 

Lisbt.  tion^  is  simply  a  cylinder  of  pressed  lime  heated  by  means 


Fig.  14.  —  Oxyhydrc>gen  Blowpipe. 
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of  an  oxyhydrogen  flame  to  a  temperature  of  intense  incandescence, 
Plntinum,  which  is  useful  to  the  chemist  on  account  of  its  unchange- 
ability  when  subjected  to  ordinary  sources  of  heat,  melts  easily  in  the 
oxyhydrogen  flame ;  and  a  steel  file  thrust  into  the  flame  burns  in  a 
dazzling  shower  of  sparks,  which  perhaps  exceeds  in  beauty  the  display 
seen  in  the  combustion  of  the  steel  spring  in  an  atmosphere  of  oxygen. 
Explosion  ^^^  found  in  our  previous  experiments  that  mixtures  of 

of  Hydrogen  hydrogen  with  oxygen  and  mixtures  of  hydrogen  with  air  are 
and  Oxygen,  explosive  when  sufficiently  heated,  and  we  noted  in  the  case 
of  the  air  mixtures  that  the  maximum  explosive  effect  is  observed  when 
the  hydrogen  and  air  are  intermixed  jn  the  proportions  of  two  volumes 
to  five  respectively.     If  we  experiment  similarly  with  hydrogen  and  oxy- 


FlG.  15.  —  Calcium  Light. 


gen,  we  may  find  the  proportions  in  which  mixtures  of  these  gases  are 
most  violently  explosive.  By  filling  test-tubes  with  varying  proportions 
of  the  gases  and  lighting  the  mixtures,  we  find  that  the  maximum  eflfect 
is  reached  when  the  hydrogen  fills  hvo  thirds  of  the  tube,  and  the  oxygen 
the  remainder ;  that  is,  when  the  gases  are  mixed  in  about  the  propor- 
tions of  two  parts  of  hydrogen  to  one  of  oxygen,  the  proportions  in 
which  these  gases  are  evolved  from  water. 

These  experiments  should  be  conducted  only  on  a  small  scale,  and 
the  use  of  containing  vessels  of  glass  larger  than  an  ordinary  test-tube  is 
unsafe.  It  is  possible,  however,  to  perform  with  safety  the  experiment 
of  exploding  a  liter  or  two  of  the  mixed  gases,  if  we  take  the  trouble 
to  use  soap  bubble  films  as  containers  of  the  gases.  A  soap  solution^ 
Soap  suitable  for  this  purpose,  may  be  prepared  by  cutting  into 

thin  shavings  125  grm.  of  pure  castile  soap,  pouring  on  the 


Bubbles. 
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shavings  i  liter  of  warm  water,  shaking  the  soap  and  water  well  together 
until  the  resulting  saturated  solution  settles  clear  on  standing,  and  then 
pouring  off  the  clear  solution  and  adding  to  it  125  cm.' of  glycerine. 
A  glass  bell  jar,  open  at  the  bottom,  and  fitted  at  the  top  with  a  stopcock 
and  rubber  outlet  tube,  may  be  utilized  as  a  gas  holder.  Hold  the  jar 
inverted  and  filled  with  water  in  a  large  pneumatic  trough,  and  introduce 
into  it,  first,  one  volume  of  oxygen,  and  then  two  volumes  of  hydrogen. 
Place  in  a  large  iron  mortar  the  soap  solution,  submerge  in  it  the  end 
of  the  outlet  tube  from  the  gas  holder,  and  fill  the  mortar  with  soap 
bubbles  by  opening  the  stopcock  and  rapidly  lowering  the  gas  holder  in 
the  pneumatic  trough,  thus  forcing  a  current  of  the  mixed  gases  into  the 
soap  solution.  On  bringing  to  the  mass  of  bubbles,  which  rests  upon  the 
surface  of  the  water,  a  lighted  taper  fixed  upon  a  rod  of  such  lengtii  that 
the  exp)erimenter  may  stand  at  a  safe  distance  from  the  mortar,  a  vio- 
lent *  explosion  results  illustrating  the  energy  developed  in  the  com- 
bination of  hydrogen  and  oxygen.  It  is  very  evident  why,  in  using  an 
oxyhydrogen  blowpipe,  we  lead  the  gases  separately  to-  the  nozzle  of  the 
blowpipe  so  that  they  may  combine  continuously  in  small  amounts.  // 
is  a  wise  precaution,  whenei^er  experimenting  with  considerable  amounts 
of  both  hydrogen  and  oxygen,  to  guard  against  accidents  from  their  inter- 
mixture by  drawing  off  and  testing  separately  small  portions  of  the  gases 
before  heating  them  or  acting  upon  them  chemically. 
ProdacU  of  Now  let  us  give  attention  to  the  products  formed  by  the 
Combostioii.  combustion  of  the  various  elementary  substances  which  we 
have  burned  either  in  air.  or  in  oxygen.  These  products  prove,  upon 
investigation,  to  be  compounds  of  the  individual  elements  with  oxygen, 
and  they  are  called  oxides. 

When  hydrogen  burns  in  air  or  in  oxygen  we  know  that  it  combines  with 
the  oxygen  to  form  water,  or  hydrogen  oxide,  a  compound  of  hydrogen  and 

oxygen. 

Hydrogen  -f  Oxygen  =  Hydrogen  Oxide 

Similarly,  when  charcoal,  which  is  nearly  pure  elementary  carbon, 
burns,  a  compound  of  carbon  with  oxygen  is  formed  which  we  call 
carbon  dioxide.  The  product  is  the  same,  whether  the  combination  is 
effected  in  air  or  in  pure  oxygen,  though  its  formation  is  much  more 
rapid  in  oxygen,  as  is  made  evident  by  the  increased  intensity  with 
which  the  charcoal  burning  in  air  glows  when  placed  in  pure  oxygen. 

Carbon  +  Oxygen  =  Carbon  Dioxide 
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Carbon  dioxide  is  gaseous  and  invisible,  and  has  no  odor ;  but  its 
presence  in  the  vessel  in  which  the  combustion  of  the  charcoal  in  air 
or  in  pure  oxygen  has  occurred  may  be  recognized  by  means  of  some 
suitable  chemical  test.  Thus,  carbon  dioxide  is  known,  to  produce  a 
milky  emulsion  with  lime  water,  while  no  such  effect  is  produced  by. 
oxygen  or  by  a  few  cubic  centimeters  of  ordinary  air.  If,  therefore,  we 
shake  a  little  clear  limewater  in  the  tube  in  which  the  charcoal  has  just 
been  burned,  the  production  of  milkihess  in  the  limewater  may  be  taken 
to  indicate,  under  these  particular  circumstances,  the  presence  in  the 
flask  of  carbon  dioxide. 

So  also,  when  sulphur  bums,  either  in  air  or  oxygen,  we  note  the 
pungent  odor  characteristic  of  the  gaseous  compound  of  sulphur  and 
oxygen,  which  is  sulphur  dioxide. 

Sulphur  -h  Oxygen  =  Sulphur  Dioxide 

The  odor  is,  in  this  instance,  a  sufficient  indication  of  the  presence  of 
the  oxide  formed.  When  phosphorus  burns  in  an  abundant  supply  of 
oxygen,  the  floating  white  cloud  of  finely  divided  solid  matter  is  a  com- 
pound of  phosphorus  and  oxygen,  which  bears  the  name  phosphorus 
pentoxide. 

Phosphorus  +  Oxygen  =  Phosphorus  Pentoxide 

The  production  of  a  dark-colored  iron  oxide  may  be  observed  during 
the  combustion  of  a  steel  spring  in  an  atmosphere  of  oxygen,  or  when  a 
file  is  burned  in  the  oxy hydrogen  flame. 

Iron  -f-  Oxygen  =  Iron  Oxide 

The  oxides  we  have  studied,  e^,  mercury  oxide,  hydro- 
gen oxide,  carbon  dioxide,  sulphur  dioxide,  phosphorus 
pentoxide,  and  iron  oxide,  as  well  as  the  magnesium  oxide  and  copper 
oxide  of  earlier  experiments,  are  typical  of  an  immense  number  of 
oxides,  solid,  liquid,  or  gaseous,  which  occur  naturally  in  greater  or  less 
quantities  or  may  be  produced  by  direct  union  of  the  elements,  or,  as 
we  shall  see  in  the  course  of  our  work,  by  the  indirect  method  of  de- 
composing more  complex  compounds  until  oxides  are  left  as  products. 
Every  element,  with  the  exception  of  fluorine,  bromine,  and  the  newly 
discovered  inert  elements,  is  capable  of  forming  an  oxide.  Among  the 
oxides,  we  find  some  which  are  gaseous  under  ordinary  conditions,  like 
carbon  dioxide  and  sulphur  dioxide;  oxides  which  are  liquid,  like 
hydrogen  oxide;    and  oxides  which  are  solid,  like  phosphorus  pen- 
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toxide^  copper  oxide,  and  iron  oxide.  So  also  we  have  oxides  soluble 
in  water,  like  the  solid  phosphorus  pentoxide,  and  the  gaseous  carbon 
dioxide ;  and  oxides  practically  insoluble  in  water,  like  the  solid  copper 
oxide ;  and  between  these  limits  we  find  representatives  of  various  de- 
grees of  solubility.  We  have  oxides  of  every  color  and  of  many  degrees 
of  heaviness.  Moreover,  the  state  and  properties  of  oxides  may  be 
more  or  less  changeable  with  variations  in  external  conditions.  For 
example,  we  know  hydrogen  oxide  as  a  gas,  a  liquid,  a  solid,  according 
as  conditions  of  temperature  and  pressure  vary ;  while  magnesium  oxide 
is  solid  at  all  temperatures  within  the  range  of  ordinary  experimentation. 
Oxides  and  We  find,  therefore,  in  considering  the  oxides,  that  some 
Oxidation.  may  be  formed  by  direct  combination  of  an  element  with 
oxygen,  and  some  are  not  so  formed  directly ;  some  are  gaseous,  some 
liquid,  some  solid  at  ordinary  temperatures,  and  some  capable  of  exist- 
ing in  more  than  one  of  these  states ;  some  soluble  in  water,  and  some 
insoluble.  In  general,  ^^  combustion  of  elementary  substances  in  oxygen 
or  in  air  produces  compounds  of  these  substances  with  oxygen,  termed 
oxides^  and  the  process  by  which  such  compounds  are  formed  is  known  as 
oxidation.  The  combustion  of  compound  substances  in  oxygen  is  also 
a  process  of  oxidation  and  may  result  in  the  production  of  oxides ;  but 
the  products  of  combustion  of  a  compound  may  often  contain  several 
elements  and  be  more  complex  than  the  compounds  of  the  individual 
component  elements  with  oxygen  which  we  call  oxides. 

The  simplest  way  to  effect  oxidation  is  to  heat  in  air  or  oxygen  the 
substance  to  be  oxidized,  as  may  be  done  in  the  case  of  mercury,  and 
with  hydrogen,  carbon,  sulphur,  phosphorus,  and  iron.  Many  substaiices, 
however,  are  more  readily  oxidized,  or,  indeed,  may  only  be  oxidized 
by  acting  upon  them  chemically  with  a  second  substance  which  contains 
oxygen  so  loosely  combined  as  to  be  given  off  readily,  in  the  course  of  a 
chemical  change,- to  the  substance  to  be  oxidized.  Such  a  compound, 
which  recodify  gives  up  its  oxygen  to  other  substances,  is  termed  an  oxidizer. 
Redaction  ^^^  reverse  process  to  oxidation,  i.e.  the  remozial  of  oxygen 

and  from  an   oxide,  or  other  compound  containing  oxygen,  is 

Redncen.  known  as  reduction.  The  simplest  reduction  is  effected  by 
merely  heating  the  oxygen  compound  at  such  a  temperature  and  under 
such  conditions  that  the  oxygen  is  driven  off,  as  was  the  case  in  our 
experiments  with  mercury  oxide  and  with  the  oxygen  compound,  potas- 
sium chlorate.     Many  oxygen  compounds  are  more  readily  reduced,  or 
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in  some  instances  may  only  be  reduced,  by  heating  them  or  otherwise 
inducing  them  to  act  chemically  with  a  second  substance,  which  may 
or  may  not  already  contain  oxygen,  but  which  possesses  a  strong  attrac- 
tion for  the  oxygen  of  other  substances,  and  which  may,  therefore,  be 
used  to  assist  in  removing  oxygen  from  the  substance  to  be  reduced. 


Fig.  i6.  —  Passing  Hydrogen  over  Heated  Copper  Oxide; 

Such  a  substance,  either  element  or  compound,  which  readily  remot^es 

and  combines  with  oxygen  from  other  substances,  thereby  becoming  itself 

oxidized,  is  termed  a  reducer. 

The  reduction  of  copper  oxide  to  copper  and  the  subse- 
Reductionof  .  ,     .  ^   i.  j  j-. 

Copper  quent  reoxidation  of  the  copper  to  copper  oxide  may  readily 

Oxide  with  be  made  the  subject  of  an  experiment.  Copper  oxide  is 
y  rogen.  ^^^  reduced  by  mere  heating  with  ordinary  sources  of  heat, 
and  we  therefore  look  for  some  efficient  reducer  with  which  to  remove 
oxygen  from  its  close  combination  with  the  copper.  Of  the  substances 
which  we  have  found  to  combine  with  oxygen,  we  should  naturally  select 
for  the  purpose  of  reducing  copper  oxide  one  which  shows  a  disposition 
to  combine  with  free  oxygen  easily,  and  to  hold  it  firmly  \  furthermore, 
the  substance  which  we  choose  as  a  reducer  must,  be  incapable  of  enter- 
ing itself  into  combination  with  copper  under  the  conditions  of  the 
experiment.  Such  a  substance  is  hydrogen,  which,  as  we  have  seen, 
combines  with  oxygen  with  great  energy,  producing  a  volatile  oxide  of 
great  staljility,  and  which,  as  proves  to  be  the  case,  does  not  itself  form 
any  compound  with  copper  under  the  conditions  of  the  experiment. 

Let  us  introduce  some  copper  oxide  into  a  hard  glass  tube  drawn 
out  at  one  end  to  a  jet,  connecting  the  larger  end  of  the  tube  with 
a  calcium  chloride  drying  tube,  which  in  turn  is  joined  to  the  delivery 
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tube  of  a  hydrogen  generator.  Heat  the  tube  beneath  the  copper  oxide 
while  a  slow  current  of  hydrogen  passes.  The  copper  oxide  gives  its 
oxygen  to  the  hydrogen  rapidly,  turning  from  black  to  red,  and  often 
glowing  with  the  heat  evolved,  while  the  water  formed  by  the  union 
of  the  hydrogen  and  oxygen  collects  in  the  cooler  end  of  the  tube  or 
escapes  in  the  form  of  steam.  The  metallic  copper  left  in  the  tube 
in  finely  divided  condition  may,  after  cooling,  be  identified  by  removing 
a  portion  and  burnishing  it  with  a  knife  blade  to  bring  out  the  luster 
and  color  of  the  polished  metal.  iV/ien  copper  oxide  is  healed  strongly 
in  hyiirogen,  the  hydrogen  withdraws  the  oxygen  Jrom  the  oxide,  hydrogen 
oxide  escapes,  and  copper  remains.  The  reduction  of  copper  oxide  has 
been  effected  by  the  oxidation  of  the  hydrogen,  whence  it  appears  that 
the  hydrogen  acted  as  a  reducer  to  the  copper  oxide,  and  the  copper 
oxide  served  as  an  oxidizer  for  the  hydrogen. 

Copper  Oxide  +  Hydrogen  =  Hydrogen  Oxide  +  Coppier 
To  effect  the  reoxidation  of  the  copper,  it  is  sufficient  to  heat  the 
copper  in  a  brisk  current  of  oxygen  or  air.     Let  us  remove  from  the 
combustion  tube,  containing  the  reduced  copper,  the  hydrogen  genera- 
tor and  drying  tube.    Connect  one  end  of  the  combustion  lube  with  a 


Heated  Copper. 

glass  tube  reaching  nearly  to  the  bottom  of  a  tightly  stoppered  washing 
flask  containing  water ;  arrange  a  second  tube  leading  out  of  the  flask, 
and  connect  it  with  an  aspirator.  Draw  a  current  of  air  through  the 
combustion  tube,  regulating  its  speed  by  observing  the  rapidity  of  the 
passage  of  bubbles  through  the  water,  meanwhile  heating  the  combus- 
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tion  tube  until  the  uniform  dark  color  of  the  contents  indicates  the 
complete  reconversion  of  the  copper  into  copper  oxide.  This  experi- 
ment is  in  principle  precisely  like  that  earlier  experiment,  in  which,  by 
heating  in  a  crucible  a  weighed  amount  of  copper  exposed  to  air,  we 
converted  copper  to  copper  oxide,  and  noted  the  weights  of  each  of 
these  substances  involved  in  that  process,  as  indicated  by  the  equation : 

Copper  -h  Oxygen  =  Copper  Oxide 

P       ^  An  experiment  exactly  similar  in  every  detail   may  be 

of  Iron  Oxide  made  with  iron  oxide  to  show  how  hydrogen  may  reduce 
with  jt  y^[i\^  the  formation  of  water.    The  black  residue,  consist- 

ing of  iron,  or  of  an  oxide  of  iron  containing  a  very  small 
amount  of  oxygen,  may,  because  of  its  extremely  fine  division  and  the 
large  surface  which  its  particles  consequently  present  to  the  air,  fre- 
quently be  made  to  ignite  spontaneously  and  to  burn  brightly  by  simply 
pouring  it  out  slowly,  while  still  hot,  into  an  open  dish.  At  all  events, 
the  reoxidation  of  the  residue  may  be  readily  effected  by  gently  heating 
it  in  a  crucible  open  to  the  air. 

Carbon  as  a  Carbon  is  another  reducing  agent,  very  valuable  on 
Reducer.  account  of  its  cheapness  and  efficiency  in  operations  in 
which  oxides  are  to  be  reduced  to  metals.  We  may  imitate  such 
process  by  mixing  copper  oxide  with  about  one  eighth  of  its  weight 
of  carbon,  in  the  form  of  finely  divided  charcoal,  and  heating  the 
mixture  to  redness  in  a  glass  tube.  The  copper  oxide  is  reduced  to 
copper.  IVhffi  copper  oxide  and  carbon  are  heated  strongly  together^  the 
carbon  withdraws  the  oxygen  from  the  copper  oxide,  an  oxide  of  carbon 
escapes  into  the  air,  and  copper  remains. 

Copper  Oxide  -f  Carbon  =  Carbon  Dioxide  -f-  Copper 

The  case  is  quite  similar  to  that  of  the  copper  oxide  and  hydrogen. 
The  reduction  of  the  copper  oxide  is  accompanied  this  time  by  the  oxi- 
dation of  the  carbon.  The  carbon  acts  as  a  reducer  to  the  copper 
oxide,  the  copper  oxide,  on  the  other  hand,  serving  as  an  oxidizer  of  the 
carbon. 

Oxidation  '^^^  terms  oxidation  and  reduction ^  as  we  have  employed 

aoi  them,  are  exacdy  antithetical  and  their  meaning  is  unmis- 

Reduction,  takable.  Sometimes,  however,  the  word  oxidation  is  applied 
to  certain  chemical  changes  of  combination  in  which  oxygen  does  not 
figure  directly  as  a  factor^  but  in  which  compounds  having  relation  to 
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oxides  are  formed,  while  the  word  reduction  is  extended  to  apply  broadly 
to  the  simplification  of  any  compound  by  the  removal  from  it  of  an  ele- 
ment or  elements,  without  regard  to  whether  the  substance  so  removed 
is  oxygen  or  something  else,  or  whether  the  substance  effecting  such 
removal  has  the  power  to  combine  with  oxygen.  So  also  the  word 
combustion,  which  as  ordinarily  employed  refers  only  to  such 
processes  of  oxidation  as  are  accompanied  by  the  evolution 
of  heat  and  light,  is  also  applied  broadly  to  include  similar  energetic  com- 
bination of  substances  with  substances  other  than  oxygen.  The  general 
subject  of  combustion  or  burning  was  very  early  made  the  object  of  investi- 
gation, but  because  of  a  lack  of  quantitative  methods  of  study,  the  part 
which  gases  play  in  such  chemical  changes  was  not  understood,  and  for 
many  years  the  conclusions  reached  were  erroneous.  The  discovery  of 
oxygen  by  Scheele  and  by  Priestley,  the  investigation  of  carbon  dioxide 
by  Black  and  of  hydrogen  by  Cavendish,  and  the  later  quantitative  studies 
of  the  chemical  changes  which  these  substances  enter,  led  directly  to  the 
acceptance  of  the  true  explanation  of  what  we  know  as  the  phenomena 
of  oxidation,  first  proposed,  in  1786,  by  Lavoisier.  These  achievements 
marked  the  beginning  of  modem  scientific  chemistry. 


CHAPTER   V 

WATER 

In  the  experiments  in  which  we  decomposed  water,  or  in  other  words 
made  an  analysis  of  water,  by  the  agency  of  the  electric  current,  we 
noted  that  the  gaseous  products,  hydrogen  and  oxygen,  were,  so  far  as  we 
then  observed,  the  sole  products  of  the  decomposition,  and  that  the  vol- 
ume of  the  hydrogen  evolved  proved  to  be  about  twice  that  of  the 
oxygen.  We  have  also  recognized  the  product  of  hydrogen  burned  in 
oxygen  or  in  air  as  water.  It  remains  now  to  study  the  synthesis  of 
water  quantitatively,  under  conditions  such  that  we  may  determine  wth 
accuracy  the  proportion  in  which  pure  hydrogen  and  pure  oxygen  com- 
bine to  form  water. 

We  have  found  that  hydrogen  and  oxygen  which  may  be 
Synthesis       evolved  from  water  by  an  electric  current  may  be  easily 

of  Liquid        combined  by  an  electric  spark  of  high  tension.     The  mixed 
Wflter.  1  o 

gases  may  be  contained  to  best  advantage  in  a  stout  gradu- 
ated eudiometer^  the  upper  end  of  which  is  closed,  while  the  lower 
end  is  effectively  sealed  by  immersion  in  mercury  contained  in  a  shallow 
vessel.  The  spark  is  sent  through  the  mixed  gases  between  the  small 
platinum  wires,  which  have  been  fused  into  the  glass  near  the  closed  end 
of  the  tube,  in  such  a  manner  that  the  inner  terminals  will  be  near  and 
opposite  to  one  another,  although  not  in  contact,  while  the  outer  ends 
of  the  wire  may  be  readily  connected  in  the  secondary  circuit  of  a  small 
induction  coil.  While  the  mercury  does  not  tend  to  dissolve  either  gas, 
and  will  not  combine  chemically  with  either  gas  at  ordinary  temperature, 
it  is  nevertheless  necessary  to  use  considerably  more  hydrogen  than  will 
combine  with  the  oxygen  present,  in  order  to  prevent  the  combination  of 
some  of  the  oxygen  with  mercury  at  the  high  temperature  that  is  pro- 
duced locally  by  the  ignition  of  the  two  gases.  However,  since  we  may 
know  exactly  how  much  hydrogen  and  how  much  oxygen  we  start  with, 

and  how  much  hydrogen  is  left  over  at  the  end,  we  may  readily  deter- 
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mine  how  much  hydrogen  has  combined  with  the  known  amount  of 
oxygen  taken. 

Let  us  then,  for  this  experiment,  provide  ourselves  with  a  eudiometer, 
a  shallow  dish  containing  mercury,  a  tall,  narrow  cylinder  nearly  filled 
with  mercury,  an  electric  battery,  and 
a  small  induction  coil  for  generating 
a  secondary  current  of  high  tension  to 
make  the  spark.  The  eudiometer  is 
filled  completely  with  clean,  dry  mer- 
cury and  inverted  in  the  mercury 
cylinder,  so  that  its  mouth  dips  only 
slightly  beneath  the  surface  of  the 
mercury.  The  glass  delivery  tube  of 
a  hydrogen  generator  is  now  dipped 
in  the  mercury  and  brought  under  the 
mouth  of  the  eudiometer  tube,  and 
pure  hydrogen  is  introduced  until 
the  lube  is  about  half  filled.  The  tube 
is  now  adjusted  in  the  cylinder  until 
the  level  of  the  mercury  is  the  same 
in  both  the  tube  and  the  cylinder,  and 
the  fixed  and  definite  volume  of  hydrogen,  confined  in  the  tube  under 
the  pressure  of  the  outside  air  and  at  the  prevailing  atmospheric  tempera- 
ture, is  read  accurately.  Pure  oxygen  is  now  similarly  introduced 
into  the  tube  from  a  reservoir,  to  an  amount  not  exceeding  one  eighth 
of  the  volume  of  the  hydrogen,  the  level  of  the  mercury  in  the  tube  is 
again  adjusted  to  that  of  the  mercury  in  the  cylinder,  so  as  to  bring 
the  mixed  gases  under  atmospheric  pressure,  and  the  volume  of  the 
mixed  hydrogen  and  oxygen,  in  which  the  hydrogen  is  present  in  excess, 
is  read  accurately. 

The  tube  containing  the  hydrogen,  oxygen,  and  mercury  is  transferred 
carefully,  and  without  admission  of  air,  to  the  shallow  dish  containing 
mercury,  and  clamped  firmly,  so  that  the  explosion  to  follow  may  not 
move  it,  with  its  mouth  resting  upon  a  rubber  pad  submerged  beneath 
the  mercury.  A  spark  is  passed  between  the  platinum  electrodes,  by 
momentarily  closing  the  secondary  circuit  of  the  induction  coil,  there 
is  a  flash  of  light  in  the  tube,  and  the  oxygen  and  an  equivalent 
volume  of  hydrogen  combine  to  form  a  few  droj)s  of  moisture,  the 


Fig.  i8.  —  Explosion  of  Measured  Vol- 
umes of  Hydrogen  and  Oxygen  in  a 
Eudiometer. 
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volume  of  which  is  insignificant,  a  partial  vacuum  being  formed  in  the 
tube,  into  which  the  mercury  will  freely  rise,  when  we  slide  the  tube 
laterally  off  the  rubber  pad.  The  gas  finally  remaining  in  the  tube  is 
evidently  the  residudl  hydrogen,  and  its  volume  is  read  accurately  at  the 
pressure  and  temperature  of  the  atmosphere,  and  subtracted  from  the 
original  volume  of  hydrogen  to  indicate  what  volume  of  hydrogen  dis- 
appeared in  combining  with  oxygen.  The  volume  of  oxygen  which  com- 
bined with  the  volume  of  hydrogen  is  equal  to  the  difference  between  the 
volume  of  the  mixed  gases  and  the  volume  of  the  original  hydrogen. 
Let  us  suppose,  for  example,  that  our  experiment  gives  us  these 
results : 

Volume  of  hydrogen  introduced  .  .  .40  cm.' 
Combined  volume  of  hydrogen  and  oxygen  .  45  cm.* 
Volume  of  residual  hydrogen  after  the  explosion     30  cm." 

By  subtracting  the  first  quantity  from  the  second  we  have : 
Volume  of  oxygen  used 5  cm.* 

By  subtracting  the  last  quantity  from  the  first  we  have : 

Volume  of  hydrogen  used         .         .        .        .10  cm.* 

It  is  easy  to  see  that  10  cm.'  of  hydrogen  were  used  up  in  combining 
with  5  cm.*  of  oxygen,  or,  in  other  words,  that  in  the  volumetric  synthesis 
of  water  within  the  limits  of  accuracy  of  an  experiment,  two  volumes  of 
hydrogen  combine  with  one  volume  of  oxygen,  a  result  in  accord  with  that 
obtained  in  the  volumetric  analysis  of  water.  We  purposely  made  our 
experiment  quite  simple,  giving  little  attention  to  details,  but  when  the 
experiment  is  performed  with  every  precaution  to  insure  exactness,  it  has 
been  found  that  the  proportions  in  which  hydrogen  and  oxygen  combine 
vary  from  the  ratio  at  2:1  by  an  amount  equal  to  about  0.00 1  of  the 
whole  volume.  The  recent  and  very  exact  work  of  Morley  places  the 
ratio  by  volume  in  which  hydrogen  and  oxygen  combine  to  form  7oater  as 
2,002'/ :  7.  For  general  purposes  we  may  consider  that  the  result  of  our 
experiment  was  sufficiently  near  the  truth,  and  say  that  approximately  two 
volumes  of  hydrogen  combine  with  one  volume  of  oxygen  in  the  production 
of  water.  The  volumetric  synthesis  of  water  was  first  performed  in 
1 781  by  Cavendish,  was  repeated  by  Gay-Lussac  and  Humboldt  in 
1805,  and  has  been  subsequently  studied  with  great  care  by  manv 
investigators. 
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„  .        _,  It  is  interesting  to  know  what  volume  the  water  formed  by 

Volnmetrtc        ,  .  ,  ,  ,  ,      ,  .  ,  ,  , 

SyathMi*  0*  "^^  union  of  two  volumes  of  hydrogen  with  one  volume  of 
Gueooa  oxygen  will  occupy  if  it  be  kept  in  the  state  of  vapor.     Let  us 

repeat  our  synthesis  with  such  modifications  as  are  necessary 
to  keep  the  water  produced  in  the  form  of  vapor,  ai  a  definite  temperature, 
so  that  its  volume,  together  with  that  of  the  uncombined  hydrogen,  may 
be     readily     meas- 
ured.    We  will  em- 
ploy  a   eudiometer 
tube  like  that  of  the 
former  experiment, 
observing  the   pre- 
cautions to  inclose 
it    from   the   upper 
extremity,      where 
the  platinum   elec- 
trodes are  situated, 
down  throughout  a 
sufficient    part    of 
its    length,  with   a 
gtes    cylinder     or   ""'g-.w^,; 
"jacket,"   into   the 
top  of  which  steam  is  injected  from  a  flask  or  other  vessel  utilized  as 
a  boiler,  and  from  the  bottom  of  whjch  water  and  uncondensed  steam 
may  escape.     Let  us  fill  the  tube,  thus  jacketed,  with  clean,  dry  mercury, 
invert  it  as  in  the  previous  experiment  in  a  cylinder  containing  mercury, 
and  introduce  hydrogen  and  oxygen  to  a  volume  not  exceeding  one 
eighth  that  of  the  hydrogen.     We  will  take  care,  however,  to  measure 
each  gas  individually  at  the  temperature  of  the  steam,  which  should  be 
introduced  into  the  jacket  before  the  measurements  are  made.     This 
may  be  accomplished  by  noting  the  height  of  the  mercury  in  the  tube 
above  that  in  the  cylinder  at  the  time  of  the  first  measurement  of  the 
mixed  gases,  and  carefully  adjusting  the  mercury  to  the  same  level  before 
measuring  the  residual  hydrogen.     The  electric  spark  is  passed,  the  tube 
is  lowered  until  the  level  of  the  mercury  in  it  stands  at  the  original 
height  above  the  level  in  the  cylinder,  and  the  volume  of  the  residual 
gas,  consisting  of  the  water  vapor  formed  and  the  excess  of  hydrogen,  is 
measured.    The  level  of  the  mercury  in  the  tube  bemg  above  that  of 
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the  mercury  in  the  cylinder,  the  residual  gases  are  of  course  under  a 
pressure  less  than  one  atmosphere  by  an  amount  represented  by  this 
difference  in  levels,  and  so  the  steam  in  the  jacket,  itself  at  atmospheric 
pressure,  is  sufficiently  hot  to  keep  the  water  formed  by  the  explosion  in 
a  state  of  vapor  under  the  diminished  pressure  of  the  gas  in  the  tube. 
Let  us  suppose  that  our  second  experiment  gives  us  : 

Volume  of  hydrogen  introduced  .  .  .40  cm.* 
Combined  volume  of  hydrogen  and  oxygen  .  45  cm.* 
Combined  volume  of  water  vapor  and  residual 

hydrogen  after  the  explosion      .         .         .40  cm.* 

By  subtracting  the  first  quantity  from  the  second  we  have ; 
Volume  of  oxygen  used 5  cm.* 

An  inspection  of  the  last  two  quantities,  however,  reveals  the  surpris- 
ing fact  that  the  5  cm.^  of  oxygen,  in  combining  with  a  quantity  of 
hydrogen,  forms  a  volume  of  water  and  residual  hydrogen  equal  to  the 
volume  of  the  original  hydrogen.  We  have  previously  found  this  volume 
of  hydrogen  to  be  10  cm.^,  so  it  becomes  plain  that  10  cm.^  of  hydrogen 
were  used  up  in  combining  with  5  cm.'^  of  oxygen  to  form  10  cm.^  of  water 
vapor;  or,  in  other  words,  approximately  two  volumes  of  hydrogen  com- 
bine with  one  volume  of  oxygen  to  form  two  volumes  of  luater  r^apor. 
This  relationship  of  volume  between  the  water  vapor  and  the  hydrogen 
and  oxygen  was  first  determined  by,  Gay-Lussac. 

Having  found  that  one  volume  of  oxygen  combines  with  very  nearly  two 
volumes  of  hydrogen  to  form  water,  and  that  any  given  volume  of  oxygen 
weighs  15.90  times  as  much  as  the  equal  volume  of  hydrogen,  it  follow^s 
that  15.90  parts  by  weight  of  oxygen  combine  with  very  nearly  two  parts 
by  weight  of  hydrogen  to  form  very  nearly  17.90  parts  by  weight  of 
water  vapor. 

Gravimetric  ^^'^  "^^y  ^^^^^rmine  more  accurately  the  definite  pro- 
Synthesis  portions  by  weight  in  which  hydrogen  and  oxygen  combine 
of  Water.  ^^  ^  direct  gravimetric  synthesis  of  water  with  materials 
weighed,  not  measured.  We  must  select  for  our  purpose  some  sub- 
stance, suitable  for  weighing,  which  does  not  easily  change  spontane- 
ously or  in  the  presence  of  air  or  water,  but  which  will  nevertheless 
react  readily  with  hydrogen  to  form  a  stable  product  which  may  be 
weighed  accurately. 
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The  black  copper  oxide,  which  we  have  found  to  be  easily  reduced  to 
metalHc  copper  by  hydrogen,  fulfills  these  conditions  excellently.  We 
have  only  to  weigh  out  a  suitable  amount  of  copper  oxide,  pass  a  weighed 
amount  of  dry  hydrogen  over  it  at  high  temperature  until  the  oxide  is 
completely  reduced,  and  condense  and  weigh  the  water  produced. 

Provide  a  flask,  fitted  with  a  stopcock,  and  fill  it  with  pure,  dry 
hydrogen  under  a  pressure  considerably  greater  than  that  of  the 
atmosphere,  and  weigh  the  flask  with  its  contents.  Fill  a  combustion 
tube  of  hard  glass  with  copper  oxide,  and  weigh  tube  and  contents, 
and  similarly  prepare  and  weigh  a  U-shaped  absorption  tube,  filled  with 
calcium  chloride,  which,  as  we  know,  has  great  capacity  for  absorb- 
ing water.     Allow  the  hydrogen  to  flow  slowly  from  the  flask  over  the 


Fig.  26.  —  Passing  Hydrogen  over  Heated  Copper  Oxide  under  Quantitative  Conditions. 

hot  copper  oxide,  while  the  water  which  is  produced  is  driven  forward 
for  the  most  part  and  collected  in  the  absorption  tube,  which  is  pro- 
tected against  outside  moisture  by  a  drying  tube  and  bulbs.  When  the 
hydrogen  no  longer  flows  from  the  flask,  shut  the  stopcock,  close  the  end 
of  the  absorption  tube,  allow  the  combustion  tube  to  cool,  and  discon- 
nect the  flask  and  weigh  it.  Draw  a  current  of  dry  air,  by  means  of  an 
aspirator,  through  the  cool  combustion  tube  and  absorption  tube,  until 
all  traces  of  moisture  remaining  in  the  former  have  been  transferred  to 
the  latter,  and  then  weigh  each  of  these  tubes  separately.  The  loss  of 
weight  of  the  flask  represents  the  hydrogen  burned  ;  the  loss  of  weight  of 
the  combustion  tube  measures  the  oxygen  used  in  burning  the  hydrogen  ; 
and  the  increase  in  weight  of  the  absorption  tube  represents  the  water 
formed  in  the  combustion  of  the  now  known  amounts  of  oxygen  and 
hydrogen.     When  the  experiment  is  most  carefully  made,  it  is  found  that 
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88,82  parts  by  weight  of  oxygen  combine  with  11,18  parts  by  weight  oj 
hydrogen  to  form  100  parts  by  weight  of  water ;  or  expressing  the  ratios 
EquivalentB  ^^^^  simply  in  terms  of  oxygen  taken  as  i6y  16  parts  by 
of  Hydrogen  weight  of  oxygen  combine  with  2,01s  P^^ts  by  7veight  of 
and  Water,  hydrogen  to  form  18. 01  5  parts  by  weight  of  water.  By  the 
gravimetric  synthesis  of  water  we  have  found  the  equivalents  of  hydro- 
gen and  of  water  to  be  2.015  and  18.015  respectively. 
Equivalent  Having  thus  determined  the  equivalent  weight  of  hydro- 
of  gen,  it  is  possible  to  include  in  our  series  the  equivalent 

Magnesium,  weights  of  those  elements  which  are  capable  of  replacing 
hydrogen  in  compounds.  We  have  found  experimentally  that  i  part 
by  weight  of  magnesium  replaces  0.0827  parts  by  weight  of  hydrogen 
when  magnesium  acts  upon  sulphuric  acid.  Since  the  equivalent  of 
hydrogen  is  2.015,  the  equivalent  of  magnesium  found  from  the  pro- 
portion 0,08 2 J  :  1  =  2.01  J  :  Xf  proves  to  be  24.36,  Similarly,  since,  as  we 
have  seen,  i  part  by  weight  of  zinc  replaces  0.0308  parts  by  weight  of 
hydrogen  from  sulphuric  acid,  the  equivalent  of  zinc  proves  to  be 

2.01  s        r 

^  =  65-4 

0.0308 

Water,  as  every  one  knows,  occurs  abundantly  in  the  free 
state,  and,  as  We  shall  soon  see,  in  combination  with  other 
things.  In  the  ocean  it  covers  four  fifths  of  the  earth's  surface.  From 
the  ocean,  water  is  evaporated  by  the  sun's  heat,  is  held  in  the  air  as 
invisible  moisture,  condensed  as  clouds,  precipitated  as  dew  or  rain,  or 
as  frost,  snow,  or  hail,  and  finally  returned  to  the  ocean  through  the 
agency  of  springs  and  streams  carrying  into  it  various  matters  in  solu- 
tion. Pure  water  is  tasteless,  odorless,  and  in  small  amount  is  nearly 
colorless,  though  when  viewed  in  mass,  as  in  glaciers  and  clear  lakes, 
water  is  seen  to  possess  a  distinctly  blue  color.  We  recognize  water  in 
the  free  state  in  three  conditions  or  phases y  —  solid  ice,  liquid  water, 
and  gaseous  steam,  —  which,  though  possessed  of  similar  capacities  to 
react  chemically  with  other  substances,  are  characterized  individually  by 
certain  physical  properties. 

Of  such  properties  the  density  or  concentration  of  mass 
Specinc 

Gravity  and    is  one  of  the  most  important  as  well  as  one  of  the  most 

Specific  obvious.     As  a  measure  of  concentration  of  mass,  we  find  it 

convenient  to  take  the  specific  gravity  of  the  substance,  or  tlie 
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turij^ht  of  the  ttnii  volume  of  the  substance  in  terms  of  the  weight  of  the 
unit  volume  of  some  standard  substance.  The  concentration  of  mass  is 
proportional  to  the  specific  gravity  and  is  inversely  proportional  to  the 
specific  volume  of  the  substance,  or  that  volume  which  is  occupied  by 
the  unit  weight  of  the  substance  in  terms  of  the  volume  occupied  by 
the  unit  weight  of  the  standard  substance. 

The  weight  of  i  cm.'  of  water  at  4°  is  almost  exactly  i  grm.,  and  so 
it  is  frequently  convenient  to  take  water  at  4°  as  a  standard  substance 
with  which  to  compare  concentrations.  The  weight  in  grams  of  i  cm? 
of  a  substance^  or  its  specific  gravity  referred  to  water  at  4°,  expresses 
directly  the  concentration  of  the  substance  as  compared  with  water  at  ^, 
The  volume  in  cubic  centimeters  occupied  by  i  gram  of  a  substance^  or  its 
specific  volumCf  referred  to  water  at  4^  {obviously  the  reciprocal  of  the 
specific  gravity),  expresses  inversely  the  concentration  of  the  substance  as 
compared  with  water  at  ^, 

In  the  following  table  are  given  certain  experimental  data  relating  to 
the  specific  gravity  and  the  specific  volume  of  water ; 


Specific  Gravity  and  Specific  Volume  of  Water 


PSBSSURB 

(mm.) 

Tbmpbraturb 

(°) 

Specific  Gravity 

(Water  at  4"^=  X) 

Specific  Volume 
( Water  at  4^  =  1) 

Phasb 

760 

0 

0-9173 

I.0901 

Solid 

760 

0 

0.99987 

1. 00013 

< 

760 

4 

I.CXXXX) 

1. 00000 

760 
760 

10 
20 

0.99973 
0.98823 

1.00027 
1. 001 77 

.  Liquid 

760 

50 

0.98813 

1. 01 200 

760 

100 

0.95863 

1.04327 

* 

760 

TOO 

0.00059 

1696. 

Gas 

(195.5  X  760) 

370 

0429 

2.33 

f  Critical 
Condition 

Physical  ^"   these   data   several   interesting   facts   come  to  light. 

Proportiet  The  change  of  a  body  from  the  solid  to  the  liquid  phase 
of  Water.  jg  ordinarily  accompanied  by  an  increase  in  the  voluraie  of 
that  body,  but  to  this  rule  the  behavior  of  water  furnishes  an  exception. 
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Ice  7?ie/ts  under  ordinary  atmospheric  conditions  of  pressure  at  a 
temperature  so  definite  that  this  is  taken  as  the  zero  of  the  centigrade 
scale.  Great  changes  in  pressure  affect,  however,  the  melting  point  of 
ice,  which  under  a  pressure  of  looo  atmospheres  falls  as  low  as  —  7°. 
When  ice  melts  to  water  at  the  same  temperature,  it  decreases  in 
volume,  and  conversely  when  water  freezes  it  increases  in  volume.  The 
change  of  volume  is  less  than  a  tenth  of  the  entire  volume  of  the  water ; 
but  the  expansive  force'  of  freezing  water  is  so  tremendous  that  a 
cast-iron  shell  filled  with  water  and  tightly  plugged  may  be  burst  by 
lowering  the  temperature  to  the  freezing  point,  and  the  process  of  alter- 
nate melting  and  freezing  of  water  in  cracks  and  crevices  is  powerfully 
effective  in  rock  disintegration,  and  in  the  natural  formation  of  soils  from 
rocks. 

Ordinarily,  when  a  liquid  is  heated  gradually  above  the  temperature 
at  which  it  ceases  to  exist  in  the  solid  form,  its  volume  is  regularly 
increased,  but  here  is  another  instance  in  which  the  behavior  of  water  is 
exceptional.  As  the  temperature  of  water  rises  from  o**  the  iwlume  at 
first  decreases,  and  afterwards  increases.  The  greatest  decrease  of 
volumCy  and  therefore  the  densest  condition  of  luater,  is  found  at  4°. 
This  apparently  simple  though  abnormal  fact  of  the  irregular  change  of 
volume  of  water  with  changing  temperature  is  of  the  greatest  importance 
in  its  effect  upon  the  climate  of  those  regions  of  the  earth  in  which  the 
winter  temperature  produces  ice.  For,  as  the  water  in  the  lakes  and 
rivers  grows  colder  than  4°,  its  slightest  expansion  lessens  its  specific 
gravity,  or,  in  other  words,  causes  any  given  volume  of  it  to  become 
lighter  than  the  same  volume  of  water  that  has  not  been  so  cooled. 
The  cooler  water,  therefore,  rises  and  tends  to  stay  at  the  surface,  so 
that  when  the  freezing  temperature  is  reached,  it  is  at  the  top  and  not  at 
the  bottom  that  the  ice  forms,  and  when  the  ice  is  once  formed,  its 
specific  gravity  keeps  it  at  the  surface  to  serve  as  a  protecting  coat  to 
the  water  below  against  the  atmospheric  cold.  So  it  happens  that 
the  cold  of  winter  does  not  freeze  lakes  and  rivers  from  the  bottom 
upward,  and  the  heat  of  summer  is  not  expended  to  such  an  extent 
in  thawing  the  ice  of  winter  as  would  be  the  case  if  the  contraction 
of  water  with  falling  temperatures  were  regular.  Above  4°  the  volume 
of  water  increases  regularly  so  long  as  it  remains  in  the  liquid  phase, 
and  here  also,  though  the  degree  of  expansion  is  not  large,  its  force  is 
tremendous. 
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TeuioBof  When  passing  to  the  vapor  phase,  water  expands  enor- 

w»ter  mously,  i  grm.  of  water,  which  at  4°  occupies  1  cm.*,  and 

'"'■  at  100°  1.04  cm.',  filling  as  vapor  1696  cm.'  at  100°  and 

under  normal  atmospheric  pressure  (760  mm,  at  sea  level,  in  latitude 
45°).     The  tendency  of  waier,  solid  or  liquid,  to  expand  in  vaporiz- 
ing is  known  as  the  tension  of  water  vapor,  and  this  tension  may  be 
measured  by  introducing  a  little  water  into  the  vacuum  of  a  barometer 
and    noting   the  resulting  depression  of  the    mercury 
column  as  compared  with  the  height  of  the  mercury  in 
the  ordinary  barometer  in  which  there  is  no  water.     At 
ordinary  temperalnrcs  the  depression  of  the  mercury 
column  covered  by  water  is  marked ;  and  the  depres- 
sion is  perceptible  even  at  so  tow  a  temperature  as  io° 
below  the  freezing  point  of  water.    When  the  tempera- 
ture reaches    100°,  the  ordinary  barometer  showing  a 
normal  atmospheric  pressure,  the  level  of  the  mercury 
column   in   the    barometer   containing   enough   water 
sinks  to  that  of  the  trough,  showing  that  the  pressure 
of  the  steam,  or  the  tension  of  water  vapor,  equals  that  fig.  ai.— Deprei- 
of  the  surrounding  atmosphere.     The  tendency  of  water       s'o°  "f  Mercuiy 
to  vaporize  is,  however,  conditioned   by  the  external       terVawir.'^ 
pressure  acting  against  the  tension  of  water  vapor,  so 
that  the  change  of  water  from  the  solid  phase  or  liquid  phase  is  governed 
by  the  pressure  exerted  upon  it  as  well  as  by  the  temperature.     When 
water  heated  in  an  open  vessel  boils,  it  is  because  vaporization  takes 
place  so  rapidly  that  the  surface  of  the  liquid  is  thrown  into  agitation, 
and  so  it  is  obvious  that  the  boiling  point  of  water,  as  we  ordinarily 
observe  it,  is  dependent  upon  the  atmospheric  pressure,  which  varies 
with  the  altitude  of  the  locality  and  the  existing  meteorological  condi- 
tions.    This  is  why  we  are  careful  to  state  that  loo"  is  the  boiling  tem- 
perature 0/ water  under  normal  barometric  pressure  of  y6o  mm.  at  the 
sea  Uvel,  latitude  4^.     It  is  a  matter  of  common  experience  that  on 
the  tops  of  high   mountains  water  boils  at  a  temperature  appreciably 
below  100°.     In  general,  increase  of  temperature  favors  the  vaporization 
of  water,  while  increase  of  pressure  not  only  opposes  the  tendency  to 
vaporize,  but  tends  to  condense  the  vapor  to  the  liquid  or  solid  phase. 
At  a  pressure  of  195.5  atmospheres  (195.5  X  760  mm.),  and  a  tempera- 
ture of  370°,  a  peculiar  condition  is  reached  at  which  i  grm,  of  water 
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occupies  a  volume  of  2.33  cm.^  while  neither  distinctly  gaseous  nor  dis- 
tinctly liquid.  Under  these  conditions  the  properties  of  gaseous  water 
and  liquid  water  become  identical. 

If  the  temperature  is  now  lowered  below  370",  the  pressure  remaining 
the  same,  the  water  is  liquefied ;  if  the  pressure  is  increased  above 
195.5  atmospheres  while  the  temperature  is  unchanged,  the  water  is 
likewise  liquefied;  but  above  370"  no  amount  of  pressure  can  liquefy 
gaseous  water. 

The  temperature  above  which  a  gaseous  substance  cannot 
Pressuro :  ^^  liquefied  by  pressure  is  known  as  the  critical  temperature 
Critical  or  the  absolute  boiling  point  of  the  substance ;  the  pressure 

tiure^""  which  will  just  liquefy  the  gas  at  the  critical  temperature  is 
known  as  the  critical  pressure ;  and  the  volume  of  one 
gram  of  the  substance  at  the  critical  conditions  of  temperature  and 
pressure  is  the  critical  volume.  For  water  the  critical  temperature  or 
absolute  boiling  point  is  370",  the  critical  pressure  is  195.5  atmospheres, 
and  the  critical  volume  is  2.33  cm.* 

The  following  table  shows  for  a  few  temperatures  the  tension  of  water 
vapor  expressed  in  barometric  heights  of  mercury  at  the  sea  level  in 
latitude  45°. 

Tension  of  Water  Vapor 

Tbmpbraturb  Tension 

—  20°  0.93  mm. 

—  10  2.15 

o  4.6 

+ 10  9.1 

H-20  17.4 

+  40  54.9 

-h  60  148.9 

-f-80  355.4 

+  100  760.0 

Phases  of  The  relations  which  exist  between  temperature,  pressure, 

Water.  and  the  change  of  phase  of  water  may  be  shown  by  diagram- 

matic representation.  If  we  represent  pressures  by  a  series  of  parallel 
horizontal  lines  and  temperatures  by  a  series  of  parallel  vertical  lines, 
every  point  of  the  diagram  will  mark  a  certain  pressure  and  a  certain 
temperature,  and  the  conditions  of  pressure  and  temperature  under 
which  each  phase  of  water  may  exist  will  be  indicated  by  an  area  com* 
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prising  the  points  indicative  of  certain  pressures  and  temperatures.  In 
the  accompanying  diagram,  upon  a  small  scale,  exact  quantitative  repre- 
sentation is  sacrificed  to  qualitative  expression  of  such  relations. 

Every  point  within  the  area  BPC  will  indicate  a  pressure  and  a  tem- 
perature at  which  solid  water  may  exist ;  every  point  within  the  area 
APB  will  indicate  a  pressure  and  a  temperature  at  which  water  may 
be  liquid  ;  while  every  point 
within  the  area  APC  will 
show  a  pressure  and  a  tem- 
perature at  which  water  ex- 
ists as  gas  or  vapor.  Every 
point  in  the  curve  PA  shows 
a  pressure  and  a  temperature 
at  which  liquid  water  and 
water  vapor  may  exist  to- 
gether, every  point  in  the 
curve  PB  represents  a  pres- 
sure and  a  temperature  at 
which  liquid  and  solid  water 
may  exist  together,  while 
every  point  in  the  curve  PC 
represents  a  pressure  and  a 
temperature  at  which  solid 
water  and  water  vapor  may 
exist  together.  The  point 
P  in  which  the  three  curves 
meet  is  called  the  triple  point 

and  indicates  the  one  condition  of  temperature  (nearly  o°)  and  pressure 
(4  mhi.)  at  which  all  three  phases  of  water  may  coexist.  The  point  A^ 
at  the  end  of  the  curve  made  up  of  points  which  show  the  tempera- 
tures and  pressures  at  which  liquid  water  and  water  vapor*  may  coexist, 
will  indicate  the  critical  pressure  and  the  critical  temperature  ;  while  the 
continuation  of  the  curve  AP  into  the  solid  territory  indicates  condi- 
tions of  pressure  and  temperature  under  which  water  may  be  cooled 
below  0°  without  freezing,  as  sometimes  happens  with  pure  water  kept 
perfectly  still.  The  fact  that  water  may  be  thus  supercooled  is  the 
reason  why  we  take  the  melting  point  of  ice,  which  is  definite  at  defi- 
nite pressures,  as  a  physical  constant  rather  than  the  freezing  point  of 
water. 
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Fig.  22.  —  Diagram  representing  Phases  of  Water. 


Specific 
Heat. 


When  heat  is  applied  to  a  substance  without  causing 
change  of  phase  the  temperature  of  the  substance  rises.  Of 
all  known  substances,  liquid  water  has  the  greatest  capacity  for  heat  for 
a  given  rise  in  temperature,  and  so  the  heat  capacity  of  liquid  water 
serves  conveniently  as  a  standard  of  the  heat  capacities  of  other  sub- 
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stances ;  but  since  the  heat  capacity  of  water  changes  slightly  with  the 
temperature,  it  is  customary  for  ordinary  purposes  to  refer  heat  capacities 
to  that  of  water  at  i8**,  the  average  atmospheric  temperature.  Hu 
quantity  of  heat  required  to  raise  by  i^  the  temperature  of  i  grm.  of 
water  at  18^  is  a  convenient  unit  of  heat  capacities,  or  specific  heats, 
and  we  call  it  a  common  calorie. 

When  a  change  of  phase  occurs  in  consequence  of  the 
application  of  heat  to  water,  a  very  remarkable  disappear- 
ance of  heat  accompanies  the  change  of  phase.  When  heat  is  applied 
to  ice,  with  care  to  keep  the  ice  and  the  water  formed  thoroughly  stirred, 
the  temperature  of  the  liquid  remains  at  zero  until  all  the  ice  has  melted. 
Evidently  heat  vanishes  in  the  melting  of  ice  at  0°  to  water  at  the  same 
temperature.  Conversely,  it  is  a  fact  which  may  be  shown  experimentally 
under  suitable  conditions  that  the  freezing  of  water  is  accompanied  by 
the  liberation  of  exactly  the  same  amount  of  heat  that  will  be  required 
to  again  melt  the  ice  which  is  formed.  The  heat  which  disappears  'when 
ice  is  melted  and  reappears  when  the  water  freezes  is  known  as  the  latent 
heat  of  water,  or  the  latent  heat  of  fusion  of  ice.  The  heat  required  to 
melt  I  grm.  of  ice  at  0°  is  susceptible  of  accurate  measurement,  and 
proves  to  be  79  times  as  much  as  the  heat  required  to  raise  by  one 
degree  the  temperature  of  i  grm.  of  water  taken  at  18®,  —  or  79  common 
calories. 

As  liquid  water  at  0°  is  heated  under  definite  pressure,  the  tem- 
perature rises  regularly  until  the  boiling  point,  100''  if  the  atmospheric 
pressure  is  normal,  is  reached,  and  thereafter  remains  unchanged  until 
the  water  is  Entirely  vaporized  to  steam  at  the  same  temperature.  Heat 
disappears  in  converting  water  to  steam  at  the  same  temperature^  and  in 
condensing  the  vapor  to  liquid  this  heat  reappears.  Here  again  we  are 
dealing  with  latent  heat,  but  this  time  it  is  the  latent  heat  of  steam  or 
water  vapor,  or  the  latent  heat  of  vaporization  of  water.  Like  the  latent 
heat  of  fusion  of  ice,  it  is  susceptible  of  accurate  measurement,  and  it  is 
found  that  the  heat  required  to  vaporize  i  grm.  of  water  at  100®  is  536 
common  calories. 

^..     ^  That  the  latent  heat  of  water  and  of  water  vapor  often 

Climate. 

has  important  effects  upon  climate  and  upon  the  agricultural 

resources  of  a  country  is  plain  when  we  remember  that  the  shores  of 

inland  lakes  or  arms  of  the  sea  in  northern   latitudes  are  warmed  in 

winter  by  the  liberation  ot  enormous  quantities  of  heat  latent  in  the 
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water  and  set  free  when  the  ice  is  formed,  with  the  consequence 
that  lands  so  situated  are  correspondingly  cooled  in  the  spring  by  the 
removal  of  the  heat  necessary  to  again  melt  the  ice ;  and  that  seaboard 
countries  are  continually  cooled  by  the  evaporation  of  the  water,  while 
the  heat  is  carried  latent  to  the  upper  regions  of  the  atmosphere,  to  be 
again  liberated  by  the  condensation  of  moisture  into  rain. 

Many  other  specific  properties  of  water  are  likewise  of  interest.  The 
relations  of  water  to  other  substances  are  of  great  importance  and  will 
be  considered  when  we  get  on  a  little  farther. 


CHAPTER  VI 
WATER  SOLUTION,  HYDRATION,  AND  HYDROLYSIS 

Water  acts  as  a  solvent  of  many  substances,  solid,  liquid, 
and  and  gaseous,  which  may  be 'termed  solutes y  but  the  degree  of 

Solutes.  ^j^g  solvent  effect  of  the  water  varies  with  the  individual 
characteristics  of  the  solutes  or  substances  acted  upon.  Some  solids, 
like  salt  and  sugar,  dissolve  easily  in  water,  while  other  solids,  like 
sand  and  glass,  are  so  slightly  soluble  that  they  are  ordinarily  consid- 
ered  to  be  insoluble.  Some  liquids,  like  alcohol  and  glycerine, 
dissolve  freely  in  water,  as  we  see  when  we  shake  a  few  cubic  centi- 
meters of  these  substances  with  water;  other  liquids,  like  chloroform 
and  ether  appear,  when  treated  similarly,  to  dissolve  only  slightly  in 
water;  while  some  liquids,  like  ordinary  oil,  which  is  incapable  of  mix- 
ing with  water,  do  not  dissolve  at  all.  That  water  ordinarily  contains 
gas  in  solution  may  be  shown  easily  by  inverting  a  test-tube  filled  with 
water  in  a  pneumatic  trough  and  heating  the  tube  until  bubbles  of 
gaseous  matter  rise  and  gather  above  the  water,  and  we  shall  learn  later 
that  the  sparkling  quality  of  ordinary  soda  water  is  due  to  gaseous 
carbon  dioxide  dissolved  in  the  water.  //  is  plairiy  therefore^  that  the 
solvent  power  of  water  i^aries  with  the  substances  which  we  attempt  to 
dissolve^  and  not  only  is  this  so,  but  if  we  extend  our  experimentation,  it 
becomes  evident  that  temperature  often  has  much  to  do  with  the  degree 
of  solubility  of  the  substance  attacked. 

We  may  study  the  solvent  effect  of  water  for  solid,  liquid. 

Power  of        ^^^  gaseous  bodies  by  experimenting  with  a  few  substances 

Water  for  whose  behavior  with  water  is  fairly  typical.  In  order  to 
SobstaDces 

observe  the  conditions  effecting  the  solution  of  solid  bodies, 

let  us  first  put  5  grm.  of  potassium  dichromate  into  5  cm.'  of 
water,  and  boil,  supplying  the  water  as  it  evaporates,  until  the  sub- 
stance dissolves.    The  solution  thus  formed  will,  upon  cooling,  throw 

out  a  portion  of  the  potassium  dichromate  in  crystals,  while  a  part 
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still  remains  in  solution,  as  is  shown  by  the  color  of  the  clear  liquid 
above  the  crystals. 

Crv  *aia  ^^^^  ^^^  ^^^^  incidentally  that  crystals  are  solids  bounded 

■        by  plane  surfaces  or  faces,  and  if  we  pursue  our  study  of 
crystals,  we  come  to  know  that  crystal  faces  are  arranged  symmetrically, 
and  that  crystals  are  possessed  of  properties  varying  in  degree  with  the 
directions  followed  within  them  and  de- 
pendent upon  the  type  of  symmetry  of  the 
crystals,  which  are  classed  accordingly  in 
six    different    classes    or   systems  —  viz. : 
(I)  the  isometric  system^  (II)  the  tetrago- 
nal system^  (III)   the  hexagonal  system, 
(IV)   the   orthorhombic  system,  (V)   the 
monoclinic  system,  (VI)  the  triclinic  system. 


I.  ISOMETRIC 


yi 

T' 

1 
1 

."* 

^ 

XL  TETRAGONAL 


Effect  of 
Heat  on 
Solution. 


IIL  HEXAGONAL 


IV.   ORTHORHOMBIC 


Evidently  the  solvent  power 
of  water  for  potassium  di chro- 
ma te  increases  as  the  tempera- 
ture rises,  and  decreases  as  the  temperature 
falls.  On  the  other  hand,  if  we  put  5  grm. 
of  common  salt  in  5  cm.'  of  water,  boil, 
filter  out  by  means  of  a  dry  filter  the  ex- 
cess of  undissolved  salt,  very  little  salt  is 
precipitated  from  the  solution  on  cooling, 
showing  that  the  solubility  of  salt  in  water 
is  not  notably  changed  by  a  change  in  the 
temperature  of  the  mixture.  Again,  if  we 
make  of  calcium  oxide,  or  "lime,"  a 
cold  sattirated  solution,  —  a  solution  in 
which  under  the  conditions  the  greatest 
possible  amount  of  solute  is  present, — 
and  if  we  heat  this  solution  to  the  boil- 
ing point,  an  incrustation  of  lime  is  de- 
posited on  the  walls  of  the  test-tube  in 
which  the  heating  takes  place,  thus  showing  that  the  lime  is  held  in 
solution  more  easily  by  cold  water  than  by  hot  water,  and  that  the 
solvent  power  of  water  for  lime  is  decreased  by  a  rise  in  the  tem- 
perature of  the  mixture.  We  may  say,  in  general,  that  while  the  ap- 
plication of  heat  to  a  mixture  of  a  solid  substance  and  water  usually 
increases  the  solvent  effect  of  water  for  that  substance,  it  may  in  some 


F.  MONOCLINIC, 


Fig.  23.  —  Crystal  Forms. 
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cases  be  without  effect^  or  may  even  decrease  the  solubility  of  a  substance 
in  water. 

Liquids,  like  alcohol  and  water,  which  are  freely  soluble  in  one 
another  at  the  ordinary  temperature,  are  generally  found  to  be  freely 
miscible  in  any  proportions  at  all  temperatures.  Changes  of  temperature 
in  general  influence  the  solubility  in  water  of  liquids  far  less  than  they 
affect  the  solubility  of  solids. 

If  we  take  a  solution  of  a  gas  in  water,  as  for  instance 
Mry»  aw.  ^^^  solution  of  carbon  dioxide,  ordinarily  known  as 
"  soda  water,"  we  find  that  the  solution,  which  was  formed  by  forcing 
the  gas  into  the  water  under  high  pressure,  gives  up  a  portion  of  the 
gas  spontaneously  under  atmospheric  pressure,  thus  following  Henry's 
LaWy  according  to  which  the  quantity  of  a  gas  dissolved  in  a  specified 
quantity  of  liquid  is  proportional  to  pressure.  The  remainder  of  the  gas 
is  evolved  when*  the  water  is  boiled.  The  solubility  of  gases  in  water 
increases  with  the  pressure  to  which  they  are  subjected^  and  decreases 
with  the  temperature. 

Solid  substances  in  simple  suspension  in  water  may  usu- 
ally be  separated  from  the  water  by  allowing  the  solid  particles 
to  gradually  settle  to  the  bottom  of  the  containing  vessel,  and  "  decant- 
ing," or  pouring  off,  the  clear  liquid  \  or  the  mixture  may  be  poiu-ed 
on  a  filter,  usually  made  of  unsized  paper  folded  into  a  cone  and 
placed  for  convenience  in  a  glass  funnel,  in  which  case  the  solid  matter 
will  collect  as  a  residue  on  the  filter,  and  the  clear  liquid,  or  "  filtrate," 
will  pass  through  the  funnel  and  may  be  readily  collected.  Thus,  i  grm. 
of  copper  oxide  produces  when  shaken  into  water  a  black  opaque 
mixture  which,  however,  becomes  clear  and  colorless  when  we  filter  it,  so 
that  it  is  evident  that  the  greater  part  at  least  of  the  copper  oxide  was 
in  suspension  and  not  in  solution.  The  processes  of  decantation  and 
filtration  do  not  ordinarily  remove  dissolved .  substances  from  solution. 
Dialysis:  Substances  vary,  however,  in  regard  to  the  readiness  with 

Colloids  and  which  their  solutions  pass  through  compact  membranes  like 
Crystalloids,  parchment  and  parchmentized  paper.  With  a  little  appa- 
ratus called  the  dialyzer,  which  consists  of  a  pocket  of  parchment  paper 
and  an  outer  vessel,  it  is  sometimes  possible  to  separate  the  solutions  of 
substances  from  one  another.  If  a  solution  containing  common  salt 
and  egg  albumen,  or  white  of  egg,  in  solition,  is  placed  within  the 
pocket  of  a  dialyzer,  while  the  outer  vessel  is  filled  with  pure  water,  the 
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common  salt  will  gradually  diffuse  into  the  water  of  the  outer  vessel 
while  the  albumen  remains  in  the  pocket.  By  changing  the  water  in  the 
outer  vessel  from  time  to  time,  the  salt  may  be  gradually  removed  from 
the  albumen  in  the  pocket.  ' 

When  the  solution  of  albumen,  which  is  typical  of  many  similar  sub- 
stances separable  from  other  substances  in  solution  by  the  dialyzer,  is 
evaporated,  an  amorphous  jellylike  mass  is  formed;  so  such  substances  are 
called  colloids,  and  their  solutions  are  colloidal  solutions  or  pseudo-solu- 
tions. As  we  get  on  we  shall  find  that  some  substances  may  exist  either 
in  colloidal-solution  or  pseudo-solution,  or  as  insoluble  gelatinous  sub- 
HydzMol:  Stances.  In  such  cases  we  call  the  soluble  modification  of  the 
HydrogeL  substance  its  hydrosol  and  the  insoluble  modification  its  hy- 
drogel.  When  the  solution  of  common  salt  is  evaporated,  the  salt  remains 
in  crystalline  condition,  and  common  salt  is  typical  of  many  crystalloids, 

_  We  have  seen  that  potassium  dichromate  separates 

Rdcovciy 

from  partially  in  solid  form  from  its  hot  saturated  solution  when 

Soiotion  by  the  water  is  cooled  and  the  capacity  of  the  water  to  hold  the 
apora  n.  ^j^hyQjjjg^tg  jg  correspondingly  lessened,  and  incidentally, 
that  in  the  process  crystals  are  produced  of  a  size  and  regularity  depend- 
ent upon  the  rapidity  of  cooling.  The  separation  of  the  dichromate 
may  be  hastened  by  actually  boiling  off  the  water,  in  which  case  the 
crystals  will  be  much  less  perfect.  Similarly,  when  we  boil  i  grm.  of 
copper  sulphate  in  15  cm.*  of  water,  it  dissolves  completely  to  a 
clear  blue,  transparent  liquid  from  which  the  water  may  be  evaporated, 
either  spontaneously  or  by  boiling,  leaving  the  full  amount  of  the  original 
weight  of  copper  sulphate  in  crystalline  form,  more  or  less  perfect  accord- 
ing to  the  slowness  of  the  crystallizing  process. 

Saperaatu-  ^^  sometimes  happens  in  cooling  a  solution  to  a  given 
rated  temperature  that  a  greater  degree  of  saturation  is  obtained 

Solution.  y)^^^  would  be  possible  if  the  solution  were  prepared  by 
saturating  the  water  at  the  given  temperature.  Such  solutions  are 
supersaturated y  and  from  them  the  excess  of  the  solute  is  at  once  pre- 
cipitated by  the  addition  of  a  very  little  of  the  solid  substance. 

So  we  find  that  a  solid  substance  dissolved  in  water  may  usually  be 
recoj'ered  by  allowing  the  water  holding  it  in  solution  to  evaporate,  and 
that  the  process  of  evaporation  may  be  hastened  by  boiling  the  water. 

Sometimes,  however,  solid  substances  are  volatile  in  steam  from  boil- 
ing water.     Thus,  if  we  should  experiment  with  a  solution  of  benzoic 
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acidy  lye  should  find  that,  although  benzoic  acid  is  itself  not  volatile  at 
the  temperature  of  boiling  water,  it  possesses  the  property  of  volatilizing 
with  steam,  and  although  some  residue  of  benzoic  acid  may  remain  after 
the  water  has  boiled  away,  we  may  be  certain  that  we  have  not  by  this 
process  recovered  all  the  benzoic  acid  that  was  originally  in  solution. 
Except  in  the  comparatively  rare  cases  involving  substances  themselves 
volatile  with  steam,  the  process  of  slow  or  rapid  evaporation  may  be 
employed  to  determine  to  what  extent,  if  to  any,  a  substance  has  been 
dissolved  in  water.  Thus  copper  oxide  is  a  substamc  which  does  not 
volatilize  when  boiled  with  water.  If  we  evaporate  on  a  piece  of  plati- 
num foil  some  of  the  filtrate  from  copper  oxide  suspended  in  water,  we 
shall  find  no  residue  remaining,  and  we  may  conclude  that  copper  oxide 
is  not  appreciably  soluble  in  water. 

If  we  make  a  saturated  solution  of  common  salt  in  water, 
^ecovery  ^^^^  addition  of  a  little  alcohol,  which  mixes  freely  with  the 
Solation  l?y  water  but  which  is  not  a  solvent  of  the  salt,  will  induce  the 
^aeent  "  precipitation "  or  throwing  down,  that  is,  throwing  out  of 
solution,  of  a  portion  of  the  salt  which  was  previously  dis- 
solved. The  addition  of  a  solution  of  hydrochloric  acid  to  a  satu- 
rated solution  of  salt  produces  an  effect  similar  to  that  of  the  alcohol. 
Evidently  salt  is  not  so  soluble  in  water  containing  alcohol  or  hydro- 
chloric acid  as  it  is  in  pure  water,  and  the  addition  of  these  substances 
in  suitable  amount  to  a  solution  of  salt  will  cause  a  precipitation  of  a 
portion  of  the  salt  by  thus  limiting  the  solvent  power  of  the  water  for 
this  particular  substance.  JVe  may  frequently  recover  solid  substances 
more  or  less  completely  from  their  solutions  in  water  by  producing  a 
change  in  the  solvent  power  of  the  water  for  individual  substances  by  at/d- 
ing to  the  water  some  other  liquid  with  ivhich  it  is  misciblCy  but  which  is 
not  itself  a  soh^nt  of  the  substance  in  question. 

Liquids y  like  solids,  are  sometimes  recovered  from  solution 
iT^^  '^  ^/>^^r  liquids  by  changing  the  character  of  the  solvent  or  by 
from  evaporating  the  solvent.     When  water  is  the  solvent,  how- 

Solution  by    eygj.,  the  vapor  tensions  of  the   dissolved  liquid   and  the 
FrActionAi 
DistiUation.    water  are  very  likely  to  interfere  with  complete  separation 

by  the  simple  evaporation  of  either  the  one  or  the  other, 
so  that  frequent  use  is  made  of  the  special  process  oi  fractional  dis- 
tillation. This  process  may  be  readily  illustrated  in  the  recovery  of 
alcohol  firom  its  solution  in  water.       A  convenient  form  of  apparatus 
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for  ordinary  distillations  is  a  flask  provided  with  a  bent  tube  which  is 
fitted  by  means  of  a  rubber  stopper  to  a  large  tube  serving  as  a  con- 
denser^ and  cooled  by  water  running  through  a  larger  tube  surrounding 
it.  The  flask  is  closed  by  a  stopper  through  which  is  inserted  a  ther- 
mometer for  taking  the  temperature  of  the  vapor  as  it  passes  into  the 
condenser.  On  boiUng  a  liquid  in  the  flask  the  vapor  passes  into  the 
condensing  tube,  and  collects  again  as  liquid  in  the  receiver.  The  liquid 
thus  condensed  is  known  as  the  distillate. 


Fig.  24. — Distillation. 


Water  boils  at  100**  under  normal  pressure,  and  alcohol  at  78.3°  under 
the  same  conditions.  When  we  submit  a  mixture  of  water  and  alcohol 
to  distillation,  the  alcohol  naturally  boils  first,  passes  into  the  condenser, 
and  is  found  in  the  distillate  \  but  inasmuch  as  the  tension  of  water  vapor 
is  considerable  at  the  boiling  point  of  the  mixture,  the  water  vaporizes  to 
some  extent  with  the  alcohol,  so  that  while  the  first  portions  to  pass  over 
are  chiefly  alcohol,  the  distillate  is  never  entirely  free  fi-om  water.  As  the 
alcohol  is  removed  in  the  process  of  distillation,  the  boihng  point  of  the 
mixture  rises  and  the  proportion  of  water  vapor  increases,  until  finally, 
when  the  temperature  reaches  loo®,  water  practically  pure  remains.  If 
the  successive  portions  or  "  fractions  "  of  the  distillate  are  collected  apart 
and  redistilled,  the  alcohol  tends  to  accumulate  in  the  low-boiling  portion 
and  the  water  remains  in  the  high-boiling  portions,  so  that  an  approxi- 
mate separation  of  the  alcohol  from  the  water  may  finally  be  accom* 
plished  by  this  process. 
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For  the  removal  of  the  last  portions  of  the  water  from  the  nearly  pure 
alcohol  it  is  necessary  to  resort  to  special  means  for  preventing  the  dis- 
tillation of  the  water.  Into  the  nearly  pure  alcohol  are  put  bits  of 
broken  calcium  oxide,  or  "  quicklime,"  which  has  a  strong  affinity  for 
water,  and  holds  it  firmly  at  a  temperature  at  which  alcohol  boils.  By 
distilling  the  liquid  off  the  quicklime,  a  distillate  of  nearly  pure  or  "  abso- 
lute "  alcohol  is  obtained. 

Recoyery  of  Gases  may  be  recovered  from  solution  in  a  liquid  by  boil- 
Gases  from  ing  the  solution^  or  by  diminishing  the  pressure  under  zuhich 
Soutioii.        ^^  ^^^  ^-j.  ^^^^  ^^  ^^  liquid.     A  water  solution  of  carbon 

dioxide,  ordinary  "soda  water,"  charged  at  high  pressure,  gives  up  a 
part  of  its  gas  under  the  atmospheric  pressure,  another  portion  is  liberated 
when  we  put  the  soda  water  into  a  flask  and  exhaust  it  by  the  vacuum 
pump,  and  the  remainder  is  removed  when  we  submit  the  water  to  con- 
tinued boiling.  The  gradual  removal  of  a  gas  from  its  solution  in  water 
may  also  be  brought  about  by  agitation  in  a  changing  atmosphere,  since 
in  this  way  the  pressure  of  the  gas  in  the  atmosphere  is  constantly 
diminishing.  This  is  well  shown  by  passing  a  rapid  current  of  air 
through  a  solution  of  hydrogen  sulphide  in  water  and  noting  the 
gradual  disappearance  of  the  odor* characteristic  of  the  dissolved  gas. 
Natural  Natural  waters  are  never  perfectly  pure.     Even  rain  wafer 

Waters.  contains  gases  from  the  air,  and  water  flowing  through  the 
soil  dissolves  mineral  matter.  When  the  impurities  are  insignificant  and 
agreeable  to  the  taste  the  water  is  fresh  ;  when  the  mineral  impurities 
are  considerable  we  have  a  mineral  water,  which  is  sometimes  of  medici- 
nal value.  Sea  water  is  a  very  highly  charged  mineral  water  containing 
30  to  40  parts  of  dissolved  mineral  matter  in  1000  of  water.  The  sepa- 
ration of  solid,  liquid,  or  gaseous  substances  from  the  natural  water  in 
which  they  are  present,  either  in  a  s'mple  state  of  suspension  or  in  solu- 
tion, is  plainly  a  matter  of  moment. 

Ordinary  water,  containing  materials  derived  from  the  atmosphere 
and  soil,  may  be  purified  sufficiently  for  ordinary  chemical  purposes  by 
simple  distillation  and  condensation  of  the  steam,  since  the  solid  matters 
derived  from  the  soil  are  not  volatile  with  the  steam,  and  the  volatile 
impurities  introduced  from  the  atmosphere  are  not  ordinarily  objection- 
able in  the  quantities  in  which  they  remain  after  the  distillation.  The 
process  may  be  easily  tested  on  a  small  scale  by  dissolving  in  a  little 
water  enough  potassium  permanganate  to  color  it  distinctly,  boil- 
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ing  the  water,  and  condensing  the  steam.  If  care  is  taken  to  prevent 
the  spurting  of  the  liquid  the  condensed  steam  should  be  clear  and  color- 
less, and  should  leave  no  residue  when  evaporated  on  platinum  foiL 

The  problem  of  providing  palatable  and  wholesome  water  for  drinking 
purposes  or  for  use  in  the  preparation  of  food  is  often  a  very  practical 
question.  Sometimes  the  natural  water  is  good  enough ;  sometimes  a 
simple  filtration  to  remove  suspended  matter  is  desirable  and  sufficient ; 
sometimes,  as  in  the  case  of  waters  contaminated  with  germs  of  disease, 
the  water  should  be  boiled  ;  and  sometimes  when  water  contains  harm- 
ful substances  in  solution  it  should  be  distilled  and  afterward  made 
palatable  by  exposure  to  pure  air. 

Absoroti  Thus  far  in  our  experimentation  with  the  process  of  solu- 

or  Liberation  tion  in  water  we  have  been  able  to  recover  from  solution  the 
of  Heat  by  original  substance  dissolved  exactly  of  the  composition 
which  it  possessed  before  solution  took  place.  We  have  taken 
no  note  of  the  manifestation  or  disappearance  of  energy  in  the  process. 
Careful  observation  of  the  phenomena  will  show,  however,  that  very  con- 
siderable amounts  of  heat  are  frequently  absorbed  or  liberated  in  the  act 
of  solution.  When,  for  example,  sodium  chloride,  common  salt,  dis- 
solves in  water,  heat  disappears,  and  when  calcium  chloride,  which 
we  have  used  as  a  drier,  dissolves,  heat  is  evolved.  If  the  solution  of 
sodium  chloride  is  evaporated  spontaneously  or  at  ioo°,  the  original 
weight  of  sodium  chloride  is  left,  and  we  have  no  evidence  in  the  experi- 
ment that  the  solution  of  sodium  chloride  in  the  water  was  more  than 
the  mere  diffusion  of  the  mass  of  the  one  throughout  the  mass  of  the 
other.  This  seems  to  be  generally  true  in  the  case  of  solutions  of  sub- 
stances which  dissolve  with  absorption  of  heat.  If  the  solution  of  calcium 
chloride  is  evaporated,  the  residue  weighs  much  more  than  the  original 
calcium  chloride,  even  when  the  attempt  is  made  to  dry  it  at  a  tempera- 
ture considerably  above  loo**,  the  boiling  point  of  water.  It  seems 
obvious  that  calcium  chloride  and  the  water  have  acted  upon  one  another 
chemically  and  entered  into  combination,  and  this  appears  to  be  the 
case  in  general  when  the  act  of  solution  is  accompanied  by  liberation  of 
heat.  It  does  not  appear,  however,  that  the  chemical  combination  of 
water  and  the  calcium  chloride  is  identical  with  the  process  of  solution. 
Without  attempting  at  present  to  determine  whether  the  process  of  solu- 
tion itself  is  to  be  regarded  or  not  to  be  regarded  as  chemical  in  its 
nature,  we  may  turn  attention  to  certain  phenomena  in  which,  whether 
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solution  takes  place  or  not,  we  have  very  definite  evidence  that  water 
may  enter  into  chemical  changes  with  other  substances. 

When  we  put  a  little  water  upon  phosphorus  pentoxide  contained 
in  a  porcelain  crucible,  much  heat  is  evolved.  The  addition  of  more 
water  results  in  the  liberation  of  more  heat,  until  finally  the  substance  is 
dissolved  in  the  water.  The  marked  evolution  of  heat  is  to  be  taken  as 
evidence  of  chemical  action,  and,  as  a  matter  of  fact,  a  new  substance 
is  actually  produced.  Upon  heating  the  solution  until  boiling  ceases,  a 
part  of  the  water  added  originally  may  be  removed,  but  the  appearance 
of  the  cooled  residue,  and,  when  we  work  with  weighed  amounts  of 
materials,  its  weight  as  compared  with  that  of  the  phosphorus  pentoxide 
taken,  point  to  the  fact  that  the  water  has  combined  with  phosphorus  pen- 
toxide and  is  held  by  it  firmly.  Careful  experimentation  shows  that  the 
water  cannot  be*  removed  from  the  new  compound  by  heat  except  at  a 
temperature  sufficient  to  volatilize  the  phosphorus  pentoxide  as  well  as 
the  water. 

In  like  manner,  when  we  put  15  cm.*  of  warm  water  upon  50  grm.  of 
recently  prepared  calcium  oxide,  or  quicklime,  broken  into  fragments, 
heat  is  evolved  sufficient  to  generate  steam,  and  to  disintegrate  and 
"  slake  "  the  lime,  showing  that  a  chemical  change  takes  place  between 
the  water  and  the  calcium  oxide  ;  but  in  this  case  solution  does  not  take 
place,  though  we  may  if  we  choose  take  out  a  small  portion  of  the  resi- 
due and  find  it  to  be  sparingly  soluble  in  water.  If  we  dry  a  portion 
of  the  mass  on  a  water  bath^  —  a  vessel  heated  by  boiling  water,  so 
arranged  that  the  temperature  can  never  rise  above  100°,  —  and  then  heat 
the  residue  to  a  moderately  high  temperature,  the  liberation  of  water  at 
the  higher  temperature  shows  that  the  combination  existing  between  the 
water  and  the  calcium  oxide  at  the  lower  temperature  may  be  broken 
and  the  calcium  oxide  formed  again  by  heat. 

So  also,  when  we  add  5  cm.*  of  water  to  5  cm.*  of  strong  sulphuric 
acid  contained  in  a  test-tube,  a  thermometer  inserted  in  the  mixture 
indicates  a  rise  of  temperature  many  degrees  above  the  boiling  point  of 
water,  but  the  liquid  compound  of  the  water  and  the  sulphuric  acid  is 
not  sufficiently  strong  to  resist  the  decomposing  action  of  heat,  and  the 
water  may  be  boiled  out  gradually  until  the  evolution  of  thick  white 
fumes  shows  that  the  strong  sulpluiric  acid  has  been  reproduced. 
Water  of  ^^  ^^  action  of  water  upon  phosphorus  pentoxide,  cal- 

Bydratioti.      cium  oxide,  and  sulphuric  acid  we  have  evidence  of  a  more 
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or  less  strong  chemical  combination  of  the  water  with  the  substances 
mentioned ;  but  we  have  met  with  no  evidence  to  show  whether  the 
water  actually  combines  with  these  substances  bodily  as  water,  or 
whether  the  elements  of  water,  hydrogen  and  oxygen,  enter  indepen- 
dently into  the  combination  with  other  substances.  Whatever  the  true 
nature  of  the  combination  of  water  with  substances  may  bCy  whether  it 
may  be  removed  by  heaty  or  is  not  so  removable ^  water  while  so  combined 
is  known  as  water  of  hydration. 

Sometimes  the  water  entering  into  combination  with  a 
^staiiiMr  substance  causes  the  substance  to  assume  a  definite  crystal- 
line form  characteristic  of  that  combination.  For  example, 
if  we  heat  5  or  10  grm.  of  crystallized  copper  sulphate  in  a  por- 
celain dish,  the  blue  powder  become^  white,  as  the  water  contained  in 
the  crystals  escapes  in  the  form  of  steam.  The  blue  color  is 
restored  to  a  portion  of  the  white  powder  if  we  add  to  it  a  drop  of 
water,  or  allow  it  to  stand  for  some  time  in  moist  air ;  and  when  we 
dissolve  the  white  powder  in  water  and  evaporate  the  solution,  we 
obtain  blue  crystals,  similar  to  those  with  which  we  originally  experi- 
mented. Evidently  when  copper  sulphate  crystallizes  from  water  it 
combines  with  water  and  this  water  of  hydration  necessary  to  the 
assumption  by  the  copper  sulphate  of  a  characteristic  crystalline  form  is 
water  of  crystallization.  When  the  white  "  anhydrous  "  powder  be- 
comes blue,  it  combines  with  water,  passing  into  the  so-called  blue 
"  hydrous  "  or  "  hydrated  "  condition,  and  is  minutely  crystalline,  but 
the  immobility  of  the  particles  of  solid  powder  prevents  the  formation  of 
crystals  visible  to  the  eye.  It  is  only  when  particles  of  copper  sulphate 
are  allowed  to  move  freely,  as  when  they  are  in  solution,  that  we  have  a 
growth  of  crystals  to  visible  dimensions.  Water  of  hydration  entering 
into  the  structure  of  a  substance  in  a  way  to  determine  the  crystalline 
form  is  called  water  of  crystallization^  and  may  be  removed  by  heat. 

When  water  combines  with  an  oxide  ^  the  compound  formed 

is  called  a  hydroxide^  and  compounds  which  may  be  resolved 

into  water  and  an  oxide  are  also  known  as  hydroxides^  even  though  it 

may  not  be  practically  possible  to  form  them  by  direct  combination  of 

water  with  an  oxide. 

Thus  calcium  oxide,  though  sparingly  soluble,  nevertheless  com- 
bines with  water  to  form  white  calcium  hydroxide  or  "slaked  lime," 
not  unlike  the  oxide  in  appearance. 
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Calcium  Oxide  -f  Hydrogen  Oxide  =  Calcium  Hydroxide 

So  also  phosphorus  pentoxide  and  water  combine  to  form  sirupy 
phosphorus  hydroxide,  or  "  phosphoric  acid/'  as  it  is  commonly  called. 

Phosphorus  Pentoxide  -h  Hydrogen  Oxide  =  Phosphorus  Hydroxide 

Water  and  nitrogen  pentoxide  form  the  liquid  nitrogen  hydroxide 
known  ordinarily  as  "  nitric  acid,"  sulphur  dioxide  forms  with  water  an 
unstable  compound  which  we  know  as  "  sulphurous  acid,"  the  solution 
of  carbon  dioxide  in  water  contains  also  an  unstable  hydroxide  known  as 
"  carbonic  acid,"  while  sulphur  trioxide  forms  with  water  the  hydroxide 
which  we  know  as  "  sulphuric  acid."  These  hydroxides  are  examples 
of  compounds,  more  or  less  stable,  made  by  the  direct  combination  of 
water  with  oxides.  * 

Some  oxides  are  not  only  insoluble,  but  are  inert  in  the  presence  of 
water.  Such  are  copper  oxide,  zinc  oxide,  iron  oxide  ;  but  it  is  possible 
to  form  hydroxides  from  which  by  the  action  of  heat  these  oxides  and 
water  result.  Thus,  by  metathesis  between  some  suitable  soluble 
hydroxide  and  a  suitable  compound  of  copper,  zinc,  or  iron  the  corre- 
sponding hydroxide  may  be  precipitated. 

Copper  Sulphate  4-  Sodium  Hydroxide 

=  Copper  Hydroxide  -f-  Sodium  Sulphate 
Zinc  Sulphate  -f-  Sodium  Hydroxide 

=  Zinc  Hydroxide  -f-  Sodium  Sulphate 
Iron  Sulphate  +  Sodium  Hydroxide 

=  Iron  Hydroxide  +  Sodium  Sulphate 

The  blue  copper  hydroxide,  the  white  zinc  hydroxide,  the  red  iron 
hydroxide,  are  resolved  into  water  and  black  copper  oxide,  white  zinc 
oxide,  and  brown-red  iron  oxide,  respectively,  when  heated. 

Copper  Hydroxide  =  Copper  Oxide  -f-  Hydrogen  Oxide 
Zinc  Hydroxide  =  Zinc  Oxide  -f-  Hydrogen  Oxide 
Iron  Hydroxide  =  Iron  Oxide  -h  Hydrogen  Oxide 

Deco  D  fl"  Thus  far  in  our  study  of  the  action  of  water  upon  various 

tion  of  substances,  whether  or  not  such  action  is  accompanied  by  a 

Water  by        chemical  change,  we  have  met  with  no  definite  evidence  of 
the  actual  decomposition  of  the  water.     //  is  possibUy  how- 
ever^ to  show  that  water  may  be  decomposed  in  its  action  upon  certain 
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elements  at  ordinary  temperatures.  When,  for  instance,  we  throw  a 
piece  of  sodium  upon  water,  the  sodium  melts  in  a  globule  and  spins 
about  on  the  surface  of  the  water,  impelled  by  the  gas  evolved,  until  it 
finally  disappears.  If  we  invert  a  test-tube  filled  with  water  in  a  dish 
of  water,  and  introduce  under  the  mouth  of  the  test-tube  a  small  piece 
of  sodium,  contained  conveniently  in  a  bit  of  glass  tube,  the  gas  evolved 
will  be  collected  in  the  test-tube  and  may  be  easily  shown  to  be  hydrogen. 
The  hydrogen  is  evolved  by  the  decomposition  of  water,  while  the 
oxygen  formerly  combined  with  the  hydrogen  enters  into  combination 
with  the  sodium  in  forming  soluble  sodium  hydroxide.  Potassium 
decomposes  water  as  does  sodium,  forming  hydrogen  and  soluble  potas- 
sium hydroxide,  but  in  this  case  the  heat  evolved  in  the  action  is  suffi- 
cient to  ignite  the  hydrogen  liberated  in  contact  with  the  air,  so  that  it 
bums,  again  producing  water.  The  soluble  sodium  hydroxide  and  the 
soluble  potassium  hydroxide  may  be  found  in  the  residues  when  the 
respective  solutions  are  evaporated. 

Sodium  +  Hydrogen  Oxide     =  Sodium  Hydroxide  +  Hydrogen 
Potassium  -f-  Hydrogen  Oxide  =  Potassium  Hydroxide  -f-  Hydrogen 

Some  elements  which  will  not  decompose  water  at  ordinary  tempera- 
ture do  act  upon  it  at  temperatures  sufficiently  high.  Thus  magnesium 
decomposes  boilings  water  and  red-hot  iron  decomposes  steam.  In  such 
reactions  it  is  found  that  either  a  hydroxide  or  an  oxide  of  the  element* 
acted  upon  by  the  water  is  formed,  according  to  conditions,  while 
hydrogen  is  liberated.  When  boiling  water  acts  upon  magnesium  the 
product  is  insoluble  white  magnesium  hydroxide. 

Magnesium  -h  Hydrogen  Oxide  =  Magnesium  Hydroxide  -h  Hydrogen 

When  water  and  iron  react  at  red  heat  the  temperature  is  so  high  that 
iron  hydroxide  cannot  exist. 

Iron  -f-  Hydrogen  Oxide  =  Iron  Oxide  -f  Hydrogen 

So  it  appears  that  the  action  of  water  upon  certain  elements  results  in 
its  decomposition  and  the  production  of  free  hydrogen  and  hydroxides  or 
oxides  of  the  elements, 

Hydzolytic  ^^  ^^^>  ^^5^»  ^po^  further  investigation,  that  water  is  able 

Action,  or       to  enter  into  metathesis  with  certain  compounds  with  com- 

y      7818.     ^^^^^  ^^  partial  formation  of  hydroxides  or  oxides  and  some 
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compound  of  hydrogen.  When,  for  example,  water  acts  upon  phosphorus 
pentachloride,  a  compound  bf  phosphorus  and  chlorine,  a  metathesis 
takes  place  in  which  the  chlorine  of  the  phosphorus  pentachloride  is 
replaced  by  hydrogen  and  oxygen,  forming  phosphorus  hydroxide, 
while  the  remaining  hydrogen  of  the  water  and  the  chlorine  enter  into 
combination. 

Phosphorus  Pentachloride  +  Hydrogen  Oxide 

=  Phosphorus  Hydroxide  +  Hydrogen  Chloride 

Upon  boiling  down  the  solution  phosphorus  hydroxide  remains,  while 
hydrogen  chloride  escapes  with  the  excess  of  water. 

Similarly,  when  water  acts  upon  bismuth  chloride,  a  part  of  the 
chlorine  of  the  bismuth  chloride  is  replaced  by  the  oxygen  of  the 
water,  itself  combining  with  the  remaining  hydrogen  of  the  water  decom- 
posed.. In  this  case  the  resulting  compound  of  bismuth  contains  bis- 
muth, chlorine,  and  oxygen,  and,  being  partly  oxide  and  partly  chloride, 
is  called  an  oxychloride.  It  is  insoluble  and  white,  and  is  precipitated 
immediately  when  the  bismuth  chloride  is  added  to  the  water. 

Bismuth  Chloride' -f-  Hydrogen  Oxide 

=  Bismuth  Oxychloride  4-  Hydrogen  Chloride 

The  process  by  which  a  compound  is  decomposed  by  the  action  of  Tvater 
with  the  formation  of  a  hydroxide  or  an  oxide  is  called  hydrolysis.  We 
shall  find  that  hydrolytic  processes  play  an  important  part  among 
chemical  reactions. 

On  account  of  its  power  as  a  solvent,  its  susceptibility  to  reaction,  and 
its  hydrolytic  power,  water  is  a  most  useful  chemical  agent  Many  reac- 
tions which  will  not  take  place  between  dry  substances  are  at  once  set 
up  by  the  admission  of  a  very  little  moisture.  Perfectly  dry  chlorine 
and  sodium,  for  example,  fail  to  react ;  dry  sulphur  will  not  bum  in  dry 
oxygen,  nor  will  dry  phosphorus,  but  a  mere  trace  of  moisture  serves  to 
start  reaction.  Some  remarkable  phenomena  which  may  be  due  to  the 
separation  of  compounds  into  especially  active  parts  or  constituents, 
and  to  which  we  shall  give  attention  later,  are  closely  bound  up  with  the 
chemical  activity  of  water. 


CHAPTER  VII 
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We  know  that  the  atmosphere  in  which  we  live  contains  oxygen 
because  we  have  seen  that  element  withdrawn  from  ordinary  air  by  the 
combustion  of  various  substances.  We  have  found  by  experiment  that 
hydrogen,  magnesium,  mercury,  carbon,  sulphur,  phosphorus,  copper,  and 
iron,  all  possess  a  capacity  to  combine  with  the  oxygen  of  the  air.  How 
much  oxygen  there  is  in  a  given  volume  of  air,  what  are  the  other  con- 
stituents of  air,  and  in  what  proportions  they  are  present,  we  have  yet  to 
discover.  We  may  best  determine  the  composition  of  air  by  removing 
the  oxygen  from  it  in  such  manner  that  we  may  observe  and  experiment 
with  what  remains. 

Volumetric  ^^  ^^^  substances  which  we  have  burned  in  air,  phos- 
▲nalytitof  phorus  acts  most  energetically  and  quickly,  and  the  phos- 
^"^'  phorus  pentoxide  formed  dissolves  readily  in  water.      We 

may  therefore  analyze  air  volumetrically  by  repeating  our  former  experi- 
ment of  burning  phosphorus  in  air,  but  this 
time  so  modifying  the  procedure  that  more 
phosphorus  than  will  bum  completely  shall 
be  ignited  in  air  confined  over  water.  Put 
a  piece  of  phosphorus,  the  size  of  a  large 
pea,  into  a  small  porcelain  crucible,  place 
the  crucible  in  a  small  porcelain  dish  to  keep 
it  from  being  cooled  by  direct  contact  with 
the  water,  float  the  dish  upon  water,  ignite 
the  phosphorus,  and  cover  the  burning  phos- 
phorus with  a  bottomless  bell  jar,  the  mouth 
of  which  shall  be  sealed  by  the  water  in 
which  the  dish  floats.  As  the  phosphorus 
bums  in  the  air  inclosed  in  the  bell  jar,  the 
white  fumes  of  phosphorus  pentoxide  form, 
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Fig.   25.  —  Burning  Phosphorus 
in  Air  in  a  Confined  Space. 
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but  they  soon  disappear  in  the  water,  leaving  a  clear,  colorless  gas, 
which  fills  less  space  than  was  occupied  by  the  air  originally  present. 

We  may  observe  roughly  that  tkt  residual  gas  -which  remains  after 
phosphorus  is  burned  in  air  occupies  about  four  fifths  of  the  volume  of 
the  air  originally  present  in  the  deli  Jar.     The  experiment  may  be  man- 
aged to  better  advantage,  however,  if  the  phosphorus,  in  the  form  of  a 
pellet,   supported  upon  a  coiled  wire,  be    inserted  in  a  long,  narrow, 
graduated  tube  nearly  tilled  with  air  and  inverted  over  water,  and  per- 
mitted to  oxidize  slowly  for  several  hours  until  no 
fiirther  reduction  of  the  volume  of  the  gas,  as  shown 
by  the  rise  of  water  in  the  tube,  takes  place.     Upon 
comparing  the  volume  of  air  originally  in  the  tube 
with  that  remaining  after  the  withdrawal  of  the  oxy- 
gen, we  find,  with  a  greater  accuracy  than  before, 
that  the  residual  gas  occupies  four  fifths  of  the  whole 

Hot  metallic  copper  will  accomplish  the  absorp- 
tion of  oxygen  from  air  quite  as  completely  as  phos- 
phorus.  A  process  for  the  preparation  of  considerable 
amounts  of  the  residual  gas,  more  manageable  than 
that  which  involves  the  use  of  |)hosphorus,  consists 
in  slowly  passing  a  current  of  air  through  a  glass  tube 
filled  with  copper  filings  and  heated  to  redness  in  a 
tube  furnace,  and  collecting  the  residual  gas  over 
water  in  a  pneumatic  trough.     To  apply  this  process 
to  the  accurate  determination  of  the  proportions  of 
oxygen  and  the  residual  gas  present  in  the  air,  we 
FiG.a6,— SiowOxida-   have  Only  to  devise  means  for  measuring  the  volume 
in  Air  in  a  Confined   °^  ^^  ^"  before  Lis  passage  Over  the  hot  copper,  and 
Space.  the  volume  of  the  residual  gas  after  it  has  passed 

over  the  copper. 
Hempel  A  convenient  apparatus  for  the  volumetric  analysis  of  air 

OaiBuiettt.  by  this  method  consists  of  three  parts  :  a  Hempel gas  burette. 
in  which  to  measure  the  air  and  subsequently  the  residual  gas,  and  which 
consists  simply  of  a  graduated  glass  tube,  the  lower  end  being  con- 
nected by  a  rubber  tube  with  another  tube  of  plain  glass,  open  at  the 
top,  to  serve  as  a  reservoir  for  water  ;  a  combustion  tube  to  contain  the 
copper,  and  which  consists  of  a  small  tube  of  hard  glass,  3  mm,  in 
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diameter  and  i  a  cm.  in  length ;  and  a. pipette,  serving  as  a  gas  holder.  The 
two  tubes  of  the  burette  are  usually  provided  with  wooden  standards, 
and  the  pipette  may  be  conveniently  supported  by  an  ordinary  iron 
stand. 

At  the  beginning  of  the  experiment  the  gas  pipette  is  partially  filled 
with  water,  and  the  end  of  its  capillary  connecting  tube  is  joined  closely 
and  tightly  by  a  rubber  connector  to  one  end  of  the  combustion  tube, 
which  is  filled  with  finely  divided  copper,  held  loosely  in  place  by  a 
plug  of  shredded  asbestos  inserted  in  each  end  of  the  tube.     The  gas 
pipette  and  combustion   tube  are   now  clamped  at  a  suitable  height. 
Water  is  poured  into  the  Hempel  bu- 
rette until  a  volume  of  air  convenient 
for  analysis  remains  in  the  graduated 
tube,  when  the  stopcock  is  closed,  and 
the  tip  of  the  burette  above  the  stop- 
cock   is    closely  joined    by  a   rubber 
connector  with   the    free   end    of  ihe 
combustion  tube. 

To  determine  definitely  the  amount 
of  air  present  in  the  graduated  tube, 
the  reservoir  tube  is  raised  or  lowered 
until  the  water  contained  in  it  is  at 
the  same  level  as  the  water  in  the 
graduated  lube,  and  the  volume  of  the 

air  confined  over  the  water  under  these  fig.  27.  —  Passing  n  Measured  Volume 

conditions  is  read  directly.     The  air  so  "f  Ait  over  H«led  Copper.   (Hem. 

,       ,  .         ,  ,       .          j  pel  Burette.) 
confined  is  evidently  under  a  pressure 

less  than  the  existing  pressure  of  the  outside  atmosphere  by  an  amount 
equal  to  the  tension  of  aqueous  vapor  at  the  existing  temperature.  Inas- 
much as  we  are  to  determine  simply  the  relation  between  a  given  volume 
of  air,  and  the  volume  of  residual  gas  contained  in  it,  it  is  sufficient  to 
measure  the  gases  at  the  same  pressure  and  temperature.  As  the  pressure 
and  temperature  of  the  outside  air  are  not  likely  to  change  appreciably 
during  the  time  occupied  by  the  experiment,  we  need  only  take  the  pre- 
caution to  make  the  level  of  the  water  in  the  graduated  tube  and  in 
the  reservoir  the  same  before  reading  the  volume  of  the  gases  on  the 
graduated  scale. 
To  effect  the  analysis  of  the  measured  volume  of  air,  confined  over 
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water  in  the  burette,  we  have  only  to  pass  it  slowly  from  the  burette, 
over  the  heated  copper,  through  the  capillary  tube  into  the  pipette,  and 
to  repass  it  from  the  pipette  over  the  copper  and  into  the  burette, 
repeating  the  operation  until  it  is  certain  that  all  the  oxygen  has  united 
with  the  copper.  The  residual  gas  is  finally  collected  in  the  burette, 
allowed  to  cool  to  the  temperature  of  the  outside  air,  and  measured, 
care  being  taken  to  previously  make  the  levels  of  the  water  in  the  grad- 
uated tube  and  in  the  reservoir  the  same.  The  slow  passage  of  the  air, 
forward  and  backward  over  the  copper,  may  be  readily  effected  by 
raising  and  lowering  the  reservoir  tube,  while  the  copper  is  heated  with 
a  Bunsen  burner.  The  rapidity  of  the  current  of,  air  may  be  observed 
by  noting  the  movement  of  the  water  in  the  gas  pipette,  as  it  is  displaced 
from  the  part  of  the  pipette  nearest  the  combustion  tube,  or  reenten 
that  portion  of  the  pipette  as  the  gas  is  drawn  back  over  the  copper,  the 
greatest  care  being  taken  to  prevent  the  entrance  of  water  into  the  com- 
bustion tube. 

Let  us  suppose  that  in  an  actual  experiment  the  volumetric  analysis 
of  air,  conducted  in  the  manner  described,  gave  the  following  results : 

Volume  of  air  taken  for  analysis        .         .         50.00  cm.' 
Volume  of  residual  gas     ....         39.50  cm.* 


s 


Volume  of  oxygen  absorbed  by  copper    ■  .         10.50  cm. 

CompoBitioa  These  results,  by  a  simple  calculation,  show  us  that,  within 
of  Air.  the  limits  of  experimental  error,  each  100  volumes  of  air 

contain  31  volumes  of  oxygen  and  79  volumes  of  residual  gas.  The 
results  of  a  great  many  analyses  show,  in  fact,  that  air  on  the  average  is 
composed  iwlumetncally  of  21  per  cent,  of  oxygen,  and  /p  per  cent,  of 
residual gasy  which  is  found  to  be  chiefly  the  element  nitrogen,  associated 
with  small  amounts  of  some  other  substances,  to  be  discussed  presently. 
The  composition  of  air  by  volume  was  first  investigated  extensively 
by  Cavendish,  and  later  by  Bunsen  and  others. 

We  have  learned  that  a  liter  of  oxygen  weighs  1.4291  grm.  at  o'  and  760 
mm.,  and  it  has  been  found  that  a  liter  of  air  weighs  1.2930  grm.  under 
normal  conditions,  and  that  a  liter  of  the  residual  gas  weighs  1.2578  grm. 
under  normal  conditions.  With  a  knowledge  of  these  data  and  the 
approximate  proportions  by  volume  of  oxygen  and  the  residual  gas,  we 
may  easily  calculate  the  approximate  proportions  by  weight  in  which 
oxygen  and  the  residual  gas  are  present  in  air. 
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ThuSy  in  the  present  instance,  we  have  : 

Weight  of  100  era.' of  air 0.1293  grm* 

Weight  of  21  cm.'  of  oxygen  contained  in  100  cm.'  of 

air  (21  X  0.001429 1 ) 0.0300  grm. 

Weight  of  79  cm.'  of  the  residual  gas  present  in  100  cm.' 

of  air  (79  X  0.0012578) 0.0993  grm. 

Weight  of  oxygen  present  in  100  grm.  of  air 

(0.1293  •0.03=  100;  a:) 

0.03  X  100 

x^ — ^ =  23.20  grm. 

0.1293 

Weight  of  the  residual  gas — nitrogen  associated  with  small 
amounts  of  other  gases — present  in  100  grm.  of  air 

(0.1293  ;  0.993  =  100  :  •^) 

^  =  ?-??3A^??=  76.80  gnn. 

0.1293 

So  7ve  find,  by  calculation  from  volumetric  analysis,  that  air  is  com- 
posed  approximately  and  on  the  average  of  2j  per  cent,  by  weight  of 
oxygen^  and  77  per  cent,  by  weight  of  gas  which  is  chiefly  nitrogen, 

GiaTimetric  '^o  analyze  air  gravimetrically  we  may  draw  a  suitable 
Analysis  of  quantity  of  air  over  heated  copper,  and  then  collect  and 
Air.  weigh  the  residual  gas.     For  this  gravimetric  work,  however, 

it  is  desirable  to  employ  for  analysis  air  which  has  been  freed  from 
moisture  and  carbon  dioxide,  which  are  usually  present  in  air  in  small 
amounts.  The  apparatus  consists  of  a  large  flask,  rendered  as  nearly 
vacuous  as  possible,  provided  with  a  stopcock,  and  connected  with  a 
combustion  tube  filled  with  finely  divided  copper.  The  combustion 
tube  is  connected  with  an  absorption  tube,  containing  potassium  hy- 
droxide to  remove  the  carbon  dioxide,  and  a  calcium  chloride  tube  to 
remove  the  moisture.  The  flask  and  the  combustion  tube  containing 
the  copper  are  weighed  separately  and  then  connected  as  described. 
The  combustion  tube  is  placed  in  a  furnace  of  Bunsen  burners,  the 
copper  is  heated  to  redness,  and  the  stopcock  is  then  opened  suffi- 
ciently to  allow  a  current  of  air  to  pass  slowly  through  the  absorption 
tubes,  and  thence  into  the  combustion  tube,  where  the  oxygen  unites 
with  the  copper,  the  residual  gas  passing  on  into  the  flask,  where  it 
is  collected.  The  stopcock  is  closed,  the  apparatus  is  cooled,  and  the 
flask  and  combustion  tube  are  again  weighed.  The  increase  in  the  weight 
of  the  combustion  tube  gives  the  weight  of  oxygen  absorbed,  and  the 
increase  in  the  weight  of  the  flask  gives  the  weight  of  residual  gas, 
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chiefly  nitrogen.  The  careful  repetition  of  this  experiment  many  times 
has  sho\ini  that  lOO  parts  by  weight  of  air  freed  from  carbon  dioxide 
and  moisture  contain  about  23  parts  by  weight  of  oxygen  and  about  77 
parts  by  weight  of  a  gas  which  is  chiefly  nitrogen  ;  or,  in  other  words, 
that  the  air  contains  by  weight  approximately  23  per  cent,  of  oxygen^ 
and  77  per  cent,  of  gas  chiefly  nitrogen ;  a  result  quite  in  accordance 
with  the  deduction  of  our  previous  calculation  from  the  volumetric 
analysis  of  air.  This  gravimetric  analysis  of  air  was  first  accomplished 
by  Dumas  and  Boussingault  in  1841. 

Proofs  tliat  ^*  '^  interesting  to  note  that  the  oxygen  and  the  gas 
Air  is  a  obtained  after  its  removal^  chiefly  nitrogen^  are  associated  in 

''^'"**  ^^e  atmosphere  merely  as  a  mixture,  and  are  not  chemically 
combined  with  each  other.  Of  this  fact  there  are  a  number  of  simple 
proofs : 

( 1 )  Although  the  composition  of  the  air  never  varies  greatly  from  the 
average,  it  is  nevertheless  not  quite  constant,  being  slightly  different  in 
different  localities  and  in  the  same  locality  at  different  times. 

(2)  When  oxygen  and  the  gas  obtained  after  its  removal  from  air, 
chiefly  nitrogen,  are  mixed  in  the  proportions  in  which  they  are  found 
in  air,  no  temperature  change  or  other  evidence  of  chemical  change  is 
apparent,  the  mixture  produced  having  the  specific  gravity  14.43,  ^^<i 
exhibiting  all  the  other  properties  of  air. 

(3)  When  air  is  allowed  to  diffuse  through  a  porous  partition,  the 
gaseous  constituents  do  not  pass  through  the  partition  in  the  proportions 
in  which  they  are  present  in  the  air,  but  according  to  their  individual 
rates  of  diffusion.  It  is  possible,  therefore,  by  allowing  air  to  pass 
through  a  porous  partition,  to  partially  remove  the  oxygen  from  the 
residual  gas  without  evidence  of  chemical  change. 

(4)  Similarly,  when  air  is  dissolved  in  water,  the  gaseous  constituents 
do  not  dissolve  in  the  proportions  in  which  they  are  present  in  the  air. 
The  air  found  in  sea  water  is  far  richer  in  oxygen  than  is  atmospheric  air. 

Minor  Con-  ^*  ^^  ^  ^^^^  ^^  common  experience  that  the  atmosphere  is 

stitncnts  of  charged  more  or  less  with  water  vapor.  When  hygroscopic, 
Air:  Water  or  water-absorbing,  substances,  such  as  phosphorus  pen- 
toxide  or  fused  calcium  chloride,  are  left  exposed  for 
some  time  to  ordinary  air,  they  become  moist  and  finally  lose  their 
solid  form,  becoming  completely  dissolved  in  water,  which,  from  the 
nature  of  the  case,  must  be  derived  from  the  surrounding  air.  Thus 
we  have  direct  evidence  that  seemingly  dry  air  is  not  actually  devoid  of 
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moisture.  By  passing  measured  volumes  of  air  through  weighed  absorp- 
tion tubes,  containing  fused  calcium  chloride,  and  determining  the 
increase  in  weight  of  the  tubes,  it  is  possible  to  discover  the  amount  of 
water  vapor  contained  in  the  atmosphere  under  different  conditions.  In 
this  way  we  find  that  the  higher  the  temperature  is,  the  more  water  is 
required  to  saturate  a  given  volume  of  air.  Thus,  at  25®  a  liter  of  air 
may  hold  as  much  as  0.0225  grm.  of  water  vapor,  while  at  o®  the  water 
vapor  retained  in  the  air  is  a  little  less  than  one  fourth  of  that  retained 
at  the  former  temperature.  The  term  "relative  humidity,"  when  applied 
to  the  condition  of  the  atmosphere,  refers  to  the  degree  of  saturation  of 
the  air  with  moisture,  rather  than  to  the  absolute  amount  of  moisture 
present. 

Carbon  When  carbon  burns  in  a  free  supply  of  air  or  oxygen,  a 

Dioxide.  gaseous  product  is  formed  which  we  know  as  carbon  dioxide. 
Now,  since  ordinary  fuel  consists  largely  of  carbon,  and  its  combustion 
for  domestic  and  industrial  purposes  is  constantly  throwing  products  of 
oxidation  into  the  air;  and  since,  moreover,  all  living  animals  are  con- 
stantly exhaling  this  same  carbon  dioxide  as  a  product  of  the  slow  oxi- 
dation of  animal  tissues,  it  is  a  foregone  conclusion  that  if  we  test  for  it 
by  proper  means  we  shall  find  carbon  dioxide  in  ordinary  air.  We  have 
previously  noted  that  carbon  dioxide  has  the  property  of  forming  a 
milky  emulsion  with  limewater,  and  we  have  already  employed  lime- 
water  in  testing  for  the  presence  of  carbon  dioxide.  If  we  expose  a 
solution  of  limewater,  or  calcium  hydroxide,  for  some  time  to  the  air, 
we  find  that  it  is  very  soon  covered  with  an  insoluble  white  incrustation 
which,  upon  investigation,  proves  to  be  the  same  solid  substance  which, 
in  suspension  in  the  water,  gave  the  white  emulsion  in  the  previous 
experiments  with  carbon  dioxide' and  limewater.  We  may  conclude, 
therefore,  that  carbon  dioxide,  although  present  in  minute  quantities,  is 
nevertheless  a  normal  constituent  of  the  atmosphere.  In  ordinary  air 
the  carbon  dioxide  is  present  to  an  extent  of  3  or  4  volumes  in 
every  ia,ooo,  but  in  houses  and  closed  spaces,  where  oxidation  in 
some  form  or  another  is  taking  place,  it  is  often  present  in  larger  propor- 
tions. Thus,  in  crowded  assemblages  where  the  ventilation  is  bad  and 
the  air  is  close  and  stuffy,  the  proportion  of  carbon  dioxide  may  be  as 
great  as  10  volumes  in  10,000.  In  such  places  the  carbon  dioxide  is 
detrimental  to  health,  because  it  retards  the  elimination  of  that  gas  from 
the  lungs  and  prevents  proper  oxygenation  of  the  blood,  though  the 
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carbon  dioxide  itself  fs  non-poisonous,  and  generally  inert  toward  other 
substances.  It  is  worthy  of  remark,  however,  that  air  thus  vitiated  with 
carbon  dioxide  is  likely  to  contain  also  relatively  large  quantities  of 
volatile  organic  matters  —  as  well  as  those  minute  floating  organisms 
which,  according  to  our  present  views,  have,  great  influence  upon  the 
health  of  individuals  and  of  communities. 

Ammonia,  In  addition  to  the  substances  mentioned,  air  may  contain 

Nitrog«n  small  quantities  of  a  compound  of  nitrogen  with  hydrogen, 
Inert  '  known  as  ammonia,  together  with  some  nitrogen  oxides^  all 

GasM.  of  which  substances  we  shall  study  presently.  ,  We  may  also 

note  the  occurrence  in  air  of  small  quantities  of  a  modified  form  of  oxy- 
gen known  as  ozone,  and  amounts  of  argon  and  other  similar  recently 
discovered  inert  gases,  to  the  extent  of  nearly  i  per  cent,  by  volume. 
So  it  appears  that  our  atmosphere,  essential  to  the  life  both  of  plants 
and  animals,  consists,  when  freed  from  dust  and  floating  organisms,  of 
nitrogen  and  oxygen —  78  parts  by  volume  or  76  parts  by  weight  of  the 
former,  and  21  parts  by  volume  or  23  parts  by  weight  of  the  latter, — 
besides  small  amounts  of  water  vapor,  carbon  dioxide,  ammonia,  and 
ozone,  and  argon  with  minute  traces  of  the  very  rare  elements,  helium, 
neon,  krypton,  and  xenon.  Though  gaseous  and  so  light  that  a  cubic 
centimeter  of  it  weighs  but  0.00129276  grm.,  the  air  is  of  such  depth  that 
it  exerts  at  the  sea  level  in  latitude  45°  an  average  pressure  sufficient  to 
sustain  a  column  of  mercury  760  mm.  high,  and  amounting  to  1033.6 
grm.  per  square  centimeter.  Under  great  pressure  (75  atmospheres), 
and  at  very  low  temperature  (  —  140*),  the  gaseous  mixture  condenses  to 
the  liquid  phase,  which  boils  under  ordinary  atmospheric  pressure  at 
—  190°,  and  this  "liquid  air,"  now  a  commercial  product,  affords  ready 
means  for  securing,  by  its  evaporation,  very  low  temperatures. 

Nitrogen  may  be  obtained  in  pure  condition  by  passing 
ammonia,  a  gaseous  compound  of  nitrogen  and  hydrogen, 
over  red-hot  copper  oxide,  or  by  passing  nitrogen  oxides  over 
red-hot  copper.  In  the  one  case  the  combined  hydrogen  of  the 
ammonia  is  oxidized  and  the  water  thus  formed  may  be  removed  by 
calcium  chloride  or  other  suitable  dryer ;  in  the  other  case  the  oxygen 
of  the  nitrogen  oxides  is  combined  with  copper. 

Nitrogen,  the  largest  constituent  of  the  air,  is,  like  oxygen,  a  gaseous 
element,  colorless,  tasteless,  odorless.     It  is  slightly  lighter  than  oxygen, 
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a  liter  of  it  weighing  under  standard  conditions  1.2507  grm.  That  nitro« 
gen  is  uninflammable  is  a  matter  of  daily  experience,  and  our  compara- 
tive study  of  oxidation  in  air,  as  in  pure  oxygen,  seems  to  indicate  that 
while  oxygen  is  distinctively  a  supporter  of  combustion,  nitrogen  as  it 
exists  in  the  air  at  least  behaves  diiTerently.  In  fact,  if  we  plunge  a 
burning  splinter  of  wood  into  a  vessel  containing  pure  nitrogen,  the 
flame  is  extinguished.  We  may  And  by  experiment  that  nitrogen  is  not 
only  itself  uninflammable  in  air  or  oxygen,  but  that  it  is  incapable  of 
supporting  the  combustion  of  substances  which  burn  in  air  or  oxygen, 
and  is  generally  and  to  a  very  surprising  degree  inert  toward  other  sub- 
stances. It  is  non-poisonous,  although,  like  many  other  gases,  it  may 
cause  death  by  sufibcation. 

Although  nitrogen  is  inert,  and  does  not  readily  combine  directly  with 
cither  hydrogen  or  oxygen,  it  is  nevertheless  found  in  combination  with 
these  elements  in  compounds  in  the  solid  earth  and  in  vegetable  and 
animal  bodies.  By  the  influence  of  electricity,  however,  we  may  cause 
nitrogen  .to  combine  with  hydrogen  and  with  oxygen.  Thus,  if  we  pass 
an  electric  spark  of  high  tension  between  platinum  electrodes  contained 
in  a  glass  tube  flUed  with  a  mixture  of  nitrogen  and  hydrogen,  we 
form  a  colorless  gas  of  distinctive  pungent  odor,  a  compound  of  nitrogen 
and  hydrogen  which  bears  the  name  ammonia.  Similarly,  if  we  pass 
the  spark  between  platinum  electrodes  contained  in  a  glass  tube  flUed 
with  air  and  held  against  a  white  background,  we  may  observe  the  for- 
mation of  a  brownish  gas,  which  proves  to  be  a  nitrogen  oxide,  being 
composed  of  only  oxygen  and  nitrogen,  although  possessing  properties 
which  belong  to  neither. of  these  elements.  It  is  not  surprising,  there- 
fore, that  ordinary  air,  containing  nitrogen  and  oxygen  as  well  as  water 
vapor  which  is  decomposable  by  electricity,  should  contain  traces  of 
ammonia  and  nitrogen  oxide,  or  compounds  produced  by  the  union  of 
these  substances  with  one  another,  or  with  water.  The  electrical  dis- 
turbances which  are  constantly  taking  place  in  the  atmosphere  are 
amply  sufficient  to  account  for  the  formation  of  the  small  amount  of 
these  nitrogen  compounds  present  in  the  air. 

The  gaseous  compounds,  ammonia  and  nitrogen  oxides, 

Compoiuids     are  readily  absorbed  by  the  rain  water  and  carried  to  earth, 

^  where  they  combine  with  other   substances,  the  ammonia 

forming  the  ammonium  compounds,  and  the  nitrogen  oxides 
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becoming  nitrates.  Among  such  naturally  occurring  compounds  are 
ammonium  chloride^  or  "  sal  ammoniac,"  and  sodium  nitrate,  known  as 
"  Chili  saltpeter."  Nitrogen,  in  some  form  or  other,  is  a  necessary  food 
for  plants  and  animals.  Some  growing  plants  have  the  power  to  absorb 
and  assimilate  directly  the  traces  of  ammonia  and  to  some  extent  the 
free  nitrogen  from  the  air,  while  all  plants  are  able  to  absorb  through 
their  roots  and  assimilate  the  soluble  ammonium  compounds  and  nitrates 
which  exist  in  the  soil.  Thus  it  happens  that  the  tissues  of  plants,  and 
of  animals  that  feed  on  plants,  are  highly  nitrogenous. 
Destructiye  We  have,  therefore,  as  a  source  from  which  to  prepare 
DistiUation.  nitrogen  compounds,  both  the  naturally  occurring  ammonium 
compounds  and  nitrates,  and  the  nitrogenous  vegetable  and  animal  sub- 
stances. Thus,  when  we  heat  an  ammonium  compound 
with  calcium  oxide  or  calcium  hydroxide,  or  some  similar 
substance,  ammonia  is  liberated.  When  nitrogenous 
vegetable  or  animal  substances  suffer  decay,  or  slow 
decomposition  away  from  an  excess  of  air,  the  odor 
evolved  indicates  the  liberation  of  free  ammonia  by 
the  disruptive  process.  When  also  we  heat  feathers, 
bone,  or  gelatine  in  a  closed  tube,  ammonia  is  evolved. 
Thus,  the  ammonia  and  a  large  proportion  of  the  am* 
monium  compounds  of  commerce  are  produced  from 
coal  by  a  similar  process  of  destructive  distillation.  On 
the  other  hand,  if  the  decomposition  of  nitrogenous 
matter  takes  place  slowly,  under  special  favorable  con- 
ditions, such  as  warmth  and  intermixture  with  a  dry, 
porous  soil  cpntaining  suitable  compounds  of  other  ele- 
ments, the  decomposition  may  be  influenced  by  a  special 
nitrifying  ferment  in  such  a  manner  as  to  produce  com- 
pounds of  nitrogen  containing  oxygen  and  known  as 
nitrates,  such  as  sodium  nitrate  or  Chili  saltpeter  already 
mentioned,  which  is  formed  naturally  in  Chili  and  Peru. 
The  ordinary  potassium  nitrate  or  "  niter  "  is  artificially 
produced  in  the  so-called  niter  plantations  by  closely 
imitating  the  natural  process  of  nitrification. 
Preparation  ^^  *  small  scale  we  may  obtain  ammonia  most  easily  by 
of  Ammoiiia.  heating  some  one  of  its  compounds  with  some  substance, 
such  as  calcium  oxide,  which  will  set  the  ammonia  free.    Intermix  about 


Fig.  28.— Heat- 
ing Ammo- 
nium Chloride 
and  Calcium 
Hydroxide. 
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20  grm.  of  ammonium  chloride,  which  is  one  of  the  naturally  occur- 
ring ammonium  compounds,  with  twice  its  own  weight  of  powdered  dry 
calcium  hydroxide,  or  slaked  lime,  in  a  round-bottomed  flask  of 
about  250  cm.^  capacity,  and  provided  with  a  stopper  and  delivery  tube. 
The  ammonia  is  liberated  slowly.  It  is  a  colorless  gas,  having  a  charac- 
teristic pungent  odor.  Because  of  the  great  solubility  of  the  gas  in  water, 
it  cannot  be  collected  to  advantage  in  a  pneumatic  trough,  although  its 
low  specific  gravity,  a  httle  more  than  half  that  of  air,  permits  it  to  be 
collected  in  suitable  vessels  by  displacing  the  air  downward.  Ammonia 
gas  is  not  combustible  ordinarily,  although  if  ignited  with  oxygen  or 
heated  with  copper  oxide,  it  will  burn  with  the  formation  of  water  and 
the  liberation  of  nitrogen.  Ammonia  extinguishes  a  flame  kindled  in  air, 
as  may  be  seen  by  plunging  a  lighted  taper  into  a  tube  filled  with  the  gas. 
Ammoniam  The  solubility  of  ammonia  in  water  is  demonstrated  by 
Hydioxide.  filling  a  tube  with  the  gas,  and  inverting  it  over  water,  when 
the  water  will  rise  rapidly  in  the  tube,  showing  that  the  gas  is  being 
absorbed  by  the  water.  At  ordinary  temperatures  and  pressure,  i  cm.^ 
of  water  will  absorb  over  700  cm.*  of  ammonia  gas,  and  under  normal 
conditions,  0°  and  760  mm.,  i  cm.'  of  water  will  absorb  1 148  cm.*  of 
the  gas.  All  of  the  ammonia  may  be  removed  from  the  solution, 
although  this  aflbrds  no  evidence  that  the  water  does  not  temporarily 
combine  with  the  ammonia  in  such  a  manner  as  to  be  readily  removable 
by  heat,  as  was  found  to  be  true  of  water  absorbed  by  sulphuric  acid. 
The  solution  of  ammonia  in  water,  known  as  amfnonium  hydroxide,  or 
simply  as  "  ammonia  water,"  is  largely  employed. 

Ammonia,  like  all  other  gases,  may  be  liquefied  by  putting  it  under 
great  pressure  while  its  temperature  is  kept  extremely  low.  When  the 
liquid  ammonia  is  allowed  to  evaporate  under  low  pressure,  the  cold 
produced  by  the  disappearance  of  the  latent  heat  of  vaporization  is  so 
great  that  the  water  surrounding  the  vessel  containing  the  ammonia  is 
cooled  to  the  freezing  point.  Upon  this  property  of  liquid  ammonia 
depends  its  application  in  the  arts  for  the  manufacture  of  artificial  ice 
and  for  purposes  of  refrigeration. 

Analysis  of  "^^^  combustion  of  ammonia  in  the  presence  of  copper 
Ammonia.  oxide  furnishes  a  method  for  the  gravimetric  analysis  of 
ammonia.  Thus  we  may  pass  a  measured  amount  of  ammonia  over 
copper  oxide  heated  to  redness  under  such  conditions  that  the  water 
formed  maybe  absorbed  by  calcium  chloride  and  weighed,  while 
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the  nitrogen  set  free  may  be  collected  and  measured.  The  weight  of 
the  volume  of  ammonia  taken  may  be  calculated  from  the  known 
weight  of  a  liter  of  it  under  standard  conditions,  0.7630  grm.,  and  the 
weight  of  the  nitrogen  remaining  may  be  similarly  calculated  from  its 
volume  and  the  known  weight  of  a  liter  of  it  under  standard  conditions, 
1.2507  grm.  The  experiment,  if  properly  performed,  will  show  that 
100  parts  by  weight  of  ammonia  contain  17.72  parts  by  weight  of  hydro- 
gen and  82.28  parts  by  weight  of  nitrogen. 

Ammonlam  ^^  gaseous  form  as  well  as  in  solution,  ammonia  possesses 
Compounds,  the  property  of  coloring  red  litmus  blue,  and  of  destroying 
the  properties  of  many  acids  with  the  production  of  new  compounds 
which  are  usually  white  in  color,  very  soluble,  readily  volatile  when 
heated,  and  which  are  known  as  the  ammonium  compounds.  The  am- 
monia may  be  recovered  from  such  compounds  by  heating  them  with 
calcium  oxide  or  similar  substances.  The  natural  occurrence  of  am- 
monium compounds,  as  well  as  their  production  by  the  dry  distillation 
of  coal,  and  the  combination  of  the  liberated  ammonia  with  a  suitable 
acid,  has  been  mentioned.  We  may  illustrate  the  latter  part  of  the 
process  for  the  production  of  ammonium  compounds  in  three  simple 
instances.  Thus,  the  floating  white  fumes  which  are  generated  when  a 
jar  of  gaseous  ammonia  and  a  jar  of  the  gaseous  hydrogen  chloride 
are  placed  mouth  to  mouth  are  solid  ammonium  chloride,  produced  in 
finely  divided  form.  When- a  solution  of  ammonia  is  mixed  with 
sulphuric  acid,  and  the  mixture  is  evaporated  to  dryness  over  a 
water  bath,  ammonium  sulphate  is  formed,  and  may  be  recovered  as 
a  white  crystalline  solid.  Similarly,  we  may  prepare  white  crystalline 
ammonium  nitrate  by  mixing  a  solution  of  ammonia  with  nitric 
acid,  and  evaporating  the  mixture  to  dryness  over  a  water  bath. 

Nitrogen  ^^  ^^^^  ^^xt  to  consider  the  compounds  of  nitrogen  and 

Oxides.  oxygen  alone.     The  natural  formation  of  a  nitrogen  oxide  by 

the  discharge  of  electricity  in  the  air  may  be  imitated  in  the  laboratory 
with  the  formation  of  a  brown  gas,  which  may  be  shown  to  be  composed 
of  nitrogen  and  oxygen ;  but  in  our  study  of  the  relations  of  nitrogen 
and  oxygen  we  may  employ  to  better  advantage  the  natural  compounds 
of  nitrogen,  oxygen,  and  other  substances,  known  as  nitrates.  From  the 
nitrates,  or  from  nitric  acid,  —  a  compound  of  nitrogen,  oxygen,  and 
hydrogen,  which  may  be  obtained  from  the  nitrates  by  heating  them 
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with  coDcentrated  sulphuric  acid,  —  various  nitrogen  oxides  may  be 
obtained,  as  we  shall  presently  see. 

Hitiog«ii  When  ammonium  nitrate,  which  may  be  prepared  by 

Monoxide.  jjjg  action  of  ammonia  upon  nitric  acid,  is  heated  in  a  round- 
bottomed  Hask  fitted  with  a  delivery  tube,  the  elements  nitrogen,  hydro- 
gen, and  oxygen,  of  which  ammonium  nitrate  is  composed,  are  rearranged 
in  combination  in  such  a  manner  that  all  of  the  hydrogen  is  united  with 
part  of  the  oxygen  to  form  water,  while  the  remainder  of  the  oxygen  and 
nitrogen  are  combined  to  form 
a  gas  which  is  colorlesB,  odor- 
less, has  a  sweetish  taste,  is 
somewhat  soluble  in  water, 
though  not  sufficiently  so  to 
prevent  its  being  collected  over 
warm  water  in  a  pneumatic 
trough.  Tlie  gas  thus  made 
and  collected  does  not  inflame 
when  approached  by  a  burning 
match,  but,  on  the  other  hand, 
the  wood  if  well  kindled  bums 
in  the  gas  more  brilliantly  than 
in  air ;  it  mixes  in  air  without 
apparent  chemical  change,  and  when  inhaled  in  quantity  produces  the 
intoxication  which  gives  to  it  the  name  ''laughing  gas,''  and  makes  it 
of  value  as  an  anesthetic.  Like  other  gases  it  can  be  liquefied  and 
even  solidified  by  pressure  and  low  temperature. 

The  analysis  of  the  gas,  produced  by  heating  ammonium  nitrate,  which 
may  be  accomplished  by  methods  similar  to  those  already  employed  for 
the  analysis  of  air,  shows  it  to  contain  63.70  per  cent,  by  weight  of  nitro- 
gen, and  36.30  per  cent,  by  weight  of  oxygen ;  or,  in  equivalents  28.08 
of  nitrogen  and  16.00  of  oxygen. 

As  we  proceed  we  find  that  this  compound  is  not  the  only  one  in 
which  nitrogen  and  oxygen  are  found  combined  with  one  another  simply, 
but  it  is,  however,  the  only  oxide  of  nitrogen  which  contains  as  little 
oxygen  as  16.00  parts  by  weight  to  28.08  parts  by  weight  of  nitrogen. 
And  because  this  compound,  produced  by  heating  ammonium  nitrate, 
contains  oxygen  in  the  smallest  proportion,  we  give  to  it  the  distinguish- 
ing name  nitrogen  monoxide* 


Fig.  29.  —  Heating  Ammonium  Nitrate. 
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Nitrogen 
Dioxide. 


A  second  oxide  of  nitrogen  naay  be  prepared  by  acting  upon 
dilute  nitric  acid  with  certain  metals.  Put  into  an  ordinary 
generating  flask,  such  as  we  have  used  for  the  preparation  of  hydrogen 
with  sulphuric  acid  and  zinc,  some  finely  divided  copper,  cover  it  with 
warm  water,  and  add  nitric  acid  until  the  evolution  of  gas  commences. 
After  the  first  action,  in  which  colored  fumes  are  generated,  the  gas 
evolved  is  colorless,  very  slightly  soluble  in  water,  and  may  be  collected 
in  the  usual  manner  in  a  pneumatic  trough.  When  approached  by  a 
burning  taper  the  gas  does  not  itself  inflame,  and  it  extinguishes  the 
taper  plunged  into  it.  Even  the  combustion  of  phosphorus,  faintly 
kindled,  may  be  extinguished,  although  curiously  enough,  if  the  phos- 
phorus be  strongly  kindled  and 
thrust  into  the  gas,  it  not  only 
continues  to  glow,  but  bums 
with  great  brilliancy,  as  it  does 
in  pure  oxygen.  Plainly,  this 
new  gas  does  not  sup{>ort 
feeble  combustion  as  readily 
as  does  nitrogen  monoxide, 
and  yet,  if  the  intensity  of 
the  combustion  started  in  air 
is  sufficiently  great  to  generate 
enough  heat,  the  combustion 
takes  place  in  the  gas  quite 
as  readily  as  in  nitrogen  mon- 
oxide. If  this  new  gas  is  allowed  to  mix  with  air  or  with  pure  oxygen, 
we  observe  the  production  of  brownish  fumes  of  still  other  oxides  of 
nitrogen,  the  intensity  of  their  color  depending  on  the  relative  pro- 
portions in  which  the  gas  and  air  or  oxygen  are  allowed  to  mix. 

The  analysis  of  the  gas  produced  by  the  action  of  dilute  nitric  acid 
upon  copper  turnings,  effected  by  methods  similar  to  those  employed  for 
the  analysis  of  air,  shows  this  compound  to  contain  46.74  per  cent,  by 
weight  of  nitrogen,  and  53.26  per  cent,  by  weight  of  oxygen,  or  of  28.0S 
parts  of  nitrogen  to  32.00  parts  of  oxygen  by  weight.  In  nitrogen  mon- 
oxide, as  we  have  seen,  28.08  parts  by  weight  of  nitrogen  are  combined 
with  16.00  parts  by  weight  of  oxygen.  We  therefore  give  to  our  new 
compound,  which  contains  twice  as  much  oxygen  to  a  given  weight  of 
nitrogen,  the  distinguishing  name  nitrogen  dioxide. 


Fig.  30.  —  Action  of  Nitric  Acid  upon  Copper. 
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It  is  evident  from  our  experiment  thit  though  nitrogen  dioxide  con- 
tains more  oxygen  than  nitrogen  monoxide,  it  parts  with  it  less  easily, 
and  tends  to  take  on  more  oxygen  in  a  fashion  that  nitrogen  monoxide 
does  not. 

Nitzogen  When  nitrogen  dioxide,  prepared  in  the  manner  de- 

Txiozide.  scribed,  is  mixed  with  one  fourth  its  volume  of  oxygen,  it 
combines  with  the  oxygen,  brownish  red  fumes  of  a  third  oxide  of  nitro- 
gen being  formed  spontaneously.  Similar  colored  fumes,  composed 
largely  but  not  entirely  of  this  third  oxide,  may  be  readily  prepared  by 
acting  upon  concentrated  nitric  acid  with  arsenious  oxide.  When 
these  fumes,  prepared  from  nitrogen  dioxide  or  liberated  from  nitric 
acid,  are  passed  into  a  U-tube,  cooled  to  —  1 8®  by  a  freezing  mixture  of 
ice  and  salt,  they  are  condensed  to  an  indigo-blue  liquid,  which  is  very 
volatile  at  ordinary  temperatures  with  re-formation  of  the  colored  fumes, 
extremely  corrosive  in  its  action  upon  the  mucous  membrane  and  upon 
oxidizable  matter,  and  a  strong  supporter  of  combustion. 

By  analysis  the  reddish  brown  fumes,  as  well  as  the  blue  liquid  formed 
by  the  condensation  of  these  fumes,  prepared  by  the  union  of  nitrogen 
dioxide  with  one  fourth  its  volume  of  oxygen,  or  by  the  action  of  arseni- 
ous oxide  upon  concentrated  nitric  acid,  are  found  to  be  composed  of 
36.91  per  cent,  by  weight  of  nitrogen,  and  63.09  per  cent,  by  weight  of 
oxygen,  or  of  28.08  parts  of  nitrogen  to  48.00  parts  of  oxygen  by  weight. 
The  proportion  of  oxygen  in  this  substance  is  exactly  three  times  that 
found  in  nitrogen  monoxide,  and  so  we  give  to  the  new  oxide  the  name 
nitrogen  trioxide. 

Nitrogen  When  nitrogen  dioxide  is  mixed  with  one  half  its  volume 

Tetroxide.  of  pure  oxygen,  brownish  red  fumes,  similar  in  appearance 
to  those  produced  by  mixing  nitrogen  dioxide  with  one  fourth  its  volume 
of  oxygen,  are  produced  spontane- 
-ously,  but  the  fumes  in  this  instance  Jt^J-WM^H^lMi 
are  found  to  consist  principally  of  a       Ir^j^^^'i"^^ 


fourth  oxide  of  nitrogen,  containing       jj  5  j^^[^(|jjf  ijf  ^ 

even  a  greater  proportion  of  oxygen 

than  is  contained  in  nitrogen  trioxide. 

This  new  oxide  is  oresent    to  some  ^^^'  ^^' "  "^^*»"&  ^^"^  Nitrate  and 

1  nis   new  oxioe   is   preseni,   10  some         condensing  the  Gaseous  Product 

extent,  in  the  fumes  liberated  from 

nitric  acid  by  arsenious  oxide,  but  for  its  preparation  in  the  nearly  pure 

state  we  may  to  advantage  heat  dry  lead   nitrate,  powdered   and 
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mixed  with  an  equal  amount  of  ordinary  sand  to  prevent  fiision,  and 
contained  in  a  glass  tube. 

If  the  reddish  brown  fumes  thus  evolved  are  in  a  perfectly  dry 
state  passed  into  a  U-tubei  covered  with  a  freezing  mixture  of  ice 
and  salt,  they  will  solidify  at  —  20^  to  colorless  crystals,  which  melt 
to  a  straw-colored  liquid,  darkening  at  higher  temperatures,  and  boil- 
ing at  -f-  26.7^  with  copious  generation  of  a  yellowish  brown  gas 
which  darkens  as  the  temperature  is  raised.  This  substance,  like 
nitrogen  trioxide,  is  very  corrosive,  a  powerful  oxidizer,  and  soluble 
in  water. 

By  analysis,  the  reddish  brown  fumes,  as  well  as  the  colorless  crystab 
produced  by  the  condensation  of  these  fumes,  formed  by  the  union  of 
nitrogen  dioxide  with  one  half  its  volume  of  oxygen,  or  by  the  action 
of  heat  upon  lead  nitrate,  are  found  to  be  composed  of  30.49  per  cent,  bf 
weight  of  nitrogen,  and  69.51  per  cent  by  weight  of  oxygen;  duit  is, 
28.08  parts  of  nitrogen  to  64.00  parts  of  oxygen  by  weight.  Since  the 
proportion  of  oxygen  here  shown  to  be  present  is  exactly  four  times  the 
proportion  of  oxygen  in  nitrogen  monoxide,  the  compoand  is  named 
nitrogen  tetroxide, 

Mitrog*!!  ^e  have  already  learned  that  nitric  acid  is  composed  of 

,P«ntoxid«.  nitrogen  together  with  the  elements  of  water, — oxygen  and 
hydrogen.  Phosphorus  pentoxide,  a  substance  which  we  have  already 
shown  to  have  a  great  attraction  for  water,  will  act  upon  nitric  acid  chem- 
ically, removing  from  it  hydrogen  and  oxygen  in  proportions  to  form 
water  and  leaving,  if  the  temperature  be  kept  suitably  low,  the  remainder 
of  the  oxygen  combined  with  the  nitrogen  in  a  fifth  nitrogen  oxide.  This 
substance  is  white  and  crystalline,  melts  at  30°,  boils  at  45^,  and  is  ex- 
tremely unstable  at  ordinary  temperatures,  exhibiting  a  constant  ten- 
dency to  decompose  into  nitrogen  tetroxide  and  oxygen,  which  makes  it  a 
very  powerful  oxidizer.  It  is  readily  soluble  in  water  with  the  formation 
of  nitric  acid. 

The  analysis  of  the  white  crystals  produced  by  the  action  of  phos^ 
phorus  pentoxide  upon  nitric  acid  shows  them  to  be  composed  of  25.98 
per  cent,  by  weight  of  nitrogen,  and  74.02  per  cent,  by  weight  of  oxygen ; 
or,  of  28.08  parts  of  nitrogen  and  80.00  parts  of  oxygen  by  weight.  The 
proportion  of  oxygen  contained  in  this  substance  is  exactly  five  times 
that  held  in  nitrogen  monoxide,  and  the  compound  is  called  niirogen 
pentoxide. 
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Composition  Th^^  five  oxides  of  nitrogen  represent  the  entire  series 
of  Nittogen  of  the  compounds  of  oxygen  with  nitrogen,  and  the  manner 
w**^t*^^  in  which  they  are  put  together  is  illustrative  of  a  most  impor- 
tant principle.  In  the  following  table  are  compared  the 
weights  of  oxygen  combined  with  a  fixed  weight  of  nitrogen  in  each  of 
the  nitrogen  oxides : 


Proportionate  CoMPOsmoN  op  NnROOEN  Oxides  by  Weight 


Per  Csht.  Ratios 

SiMPLB  Ratios 

Nitrogen 

Oxygen 

Nitrogen 

Oxygen 

Nitrogen  monoxide 

Nitrogen  dioxide 

Nitrc^en  trioxide            .                 . 

Nitrogen  tetroxide 

Nitrogen  pentoxide 

63.70 
46.74 

36.91 

3049 
25.98 

36.30 

53a6 

63^ 
69.51 

74.02 

28.08 
28.08 
28.08 
28.08 
28.08 

16.00 
32.00 
48.00 
64.00 
80.00 

£very  individual  one  of  these  oxides,  possessing  its  own  peculiar 
properties,  is  made  up  of  oxygen  and  nitrogen  in  constant  and  definite 
proportions  by  weight,  and  when  we  take  the  series  collectively  it  appears 
that  the  weights  of  oxygen  combined  with  the  same  weight  of  nitrogen 
in  the  successive  compounds  of  the  series  stand  in  the  relation  of  the 
simple  whole  numbers,  i,  2,  3,  4,  5.  And  if  we  turn  our  attention  to  any 
two  of  the  compounds  of  the  series  it  appears  that  the  weights  of  oxygen 
combined  with  a  fixed  weight  of  nitrogen  in  the  two  compounds  bear  to 
each  other  the  relation  of  simple  whole  numbers,  1:2,  i :  3,  2  :  3,  etc. 
mutupi^  T^^  most  careful  and  repeated  analysis  of  other  series  of 

Proportionw,  compounds  has  revealed  the  fact  that  in  general,  when  one 
substance  forms  with  another  substance  more  than  one  compound^  the 
^weights  of  the  one  substance  relative  to  a  given  weight  of  the  other  sub- 
stance in  any  two  of  the  compounds  bear  to  one  another  the  relation 
0/  simple  whole  numbers.  This  important  generalization,  known  as  the 
Laiv  of  Multiple  Proportions,  was  established  by  John  Dalton  in  1803. 
IndiTidnftl  'I'be  kind  of  variation  which  we  note  in  the  proportions  of 

iCasoes.  nitrogen  and  oxygen  in  the  series  of  nitrogen  oxides  suggests 
the  idea  that  the  mcuse^  oj  these  elements  throughout  the  series  represent 
aggregations  in  simple  numbers  of  smaller  individual  masses  which  act 
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as  invariable  units  in  combination.  For  example,  when  the  weights  of 
nitrogen  are  taken  as  fixed,  the  weights  of  oxygen  appear  as  multiples  of 
the  equivalent,  i6,  and  in  the  five  oxides  of  nitrogen  for  28.08  parts  of  nitro- 
gen we  have  successively  i,  2, 3, 4,  5  equivalents  of  oxygen.  If  an  equiva- 
lent of  nitrogen  really  represents  one  or  more  individual  masses  of  nitrogen 
and  an  equivalent  of  oxygen  really  represents  one  or  more  individual 
masses  of  oxygen,  then  these  numbers,  i,  2, 3, 4, 5,  stand  for  proportionate 
numbers  of  individual  masses  of  oxygen  combined  with  one  or  more  indi- 
vidual masses  of  nitrogen.  Just  what  the  relative  weights  of  individual 
unit  masses  of  oxygen  and  nitrogen  may  be  in  terms  of  the  equivalent  of 
oxygen  does  not  now  appear. 

Now  it  will  be  interesting  to  know  the  proportions  bv 
volume  in  which  gaseous  nitrogen  and  gaseous  oxygen  are 
associated  in  each  of  these  five  oxides  of  nitrogen.  A 
liter  of  nitrogen  weighs  1.2507  grm.  and  a  liter  of  oxygen 
1.429 1  grm.  under  normal  conditions  (0°  and  760  mm.  at  sea  level 
in  latitude  45°).  Knowing  from  the  figures  of  analysis  the  percentage 
proportions  by  weight  in  which  these  gases  are  combined  to  form  the 
various  oxides,  we  may  readily  determine  the  simple  proportions  by  vol- 
ume under  normal  conditions  which  correspond  to  these  proportions  by 
weight.  The  relations  shown  by  the  volumetric  composition  of  the 
nitrogen  oxides  are  shown  to  advantage  when  the  results  of  the  calcu- 
lations are  exhibited  in  tabular  form. 


Compositioii 
of  Nitrogen 
Oxides  by 
Volttme. 


Proportionate  Composftion  of  NrrRocEN  Oxides  by  Volume 


Per  Cent.  Ratios  by  Weight 

Simple  Ratios  by  Volume 
(Closely  approximate) 

Nitrogen 

Oxygen 

Nitrogen 

Oxygea 

Nitrogen  monoxide    . 
Nitrogen  dioxide 
Nitrogen  trioxide 
Nitrogen  tetroxide     . 
Nitrogen  pentoxide    . 

63.70 
46.74 
36.91 

30.49 
25.98 

36.30 
53.26 
63.09 
62.51 
74.02 

2 
2 
2 
2 
2 

I 

2 

3 

4 
5 

It  is  plainly  evident  that  the  volumes  of  oxygen  and  nitrogen  asso- 
ciated in  any  given  compound  bear  to  one  another  very  closely  the 
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relation  of  simple  whole  numbers,  and  that  the  volumes  in  which  oxy- 
gen is  united  with  the  same  volume  of  nitrogen  in  any  two  of  the  com- 
pounds likewise  bear  to  one  another  very  closely  the  relation  of  simple 
whole  numbers. 

Combination  A  careful  study  of  the  volumetric  composition  of  other 
of  ¥oium§,  similar  series  of  compounds  made  up  of  gaseous  substances, 
either  elements  or  compounds,  has  shown  that,  in  general,  the  volumes 
of  gaseous  substances  combining  to  form  a  new  substance  bear  to  one 
another  very  closely  the  relation  of  simple  whole  numbers ;  that  when 
one  gaseous  substance  forms  with  another  gaseous  substance  more  than 
one  compound,  the  volumes  of  the  one  gaseous  substance  relative  to 
a  given  volume  of  the  second  gaseous  substance  in  any  two  of  the 
compounds  bear  to  one  another  very  closely  the  relation  of  simple 
whole  numbers ;  and  furthermore,  it  appears  that  when  the  product  of 
the  action  of  gaseous  substances  is  also  gaseous,  the  volume  of  the 
gaseous  product  bears  some  very  simple  numerical  relation  to  the  vol- 
umes of  the  gaseous  factors. 

In  brief,  the  volumes  of  gaseous  substances  involved  as  factors  or  prod- 
ucts in  a  chemical  reaction  bear  to  one  anotJur  the  relation  of  simple 
whole  numbers.  This  is  the  Law  of  Combination  by  Volume^  discov- 
ered by  Gay-Lussac  and  Humboldt  in  1805,  and  amplified  by  Gay- 
Lussac.  in  1808.  We  shall  recur  to  the  volume  relations  of  gaseous 
substances  in  combination  when  we  get  farther  along  in  our  study. 
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CHAPTER  VIII 

£L£CTRICAL  EQUIVALENTS  AND  lOlfS 

In  the  course  of  our  work  we  have  noted  that  electricity  is  one  of 

the  forms  of  energy  which  may  cause  chemical  change  or  result  from 

chemical  change.     Now  let  us  look  somewhat  more  carefully  into  the 

electrical  relations  of  substances. 

Blectxteai  I^  dealing  with  electrical  energy  we  recognize  that  the 

Unitf.  work  which  may  be  done  by  a  current  of  electricity  depends 

upon  two  factors.     Just  as  the  work  done  by  falling  water  depends, 

on  the  one  hand,  upon  the  mass  of  the  water,  and  on  the  other  hand 

upon  its  head  or  fall,  so  when  elec.tricity  passes  through  a  circuit  we  may 

regard  the  total  energy  of  the  current  as  depending  upon  the  quantity 

of  electricity  which  fills  the  circuit  and  upon  the  potential  under  which 

it  is  driven.     The  quantity  we  measure  in  coulombs  and  the  quantity 

delivered  in  the  unit  time  in  amperes^  the  potential  in  volts^  and  the 

resistance  of  a  circuit  to  the  passage  of  the  current  in  ohms.    A  coulomb 

is  that  quantity  of  electricity  which  sets  free  0.0011181  grm.  of  silver 

or  0.0000829  grm.  of  oxygen  in  an  electrolytic  cell;  an  ampere  is  the 

strength  of  current  which  delivers  i  couloiib  in  i  second ;  an  ohm  is 

the  resistance  offered  to  the  current  by  a  column  of  mercury  106-3  cm. 

long  and  0.0 1  cm.*  in  section;  a  volt  is  the  potential  which  sends  i 

coulomb  through  a  resistance  of  i  ohm  in  i  second,  or  which  produces 

I  ampere  of  current  in  a  circuit  having  a  resistance  of  i  ohm.     The 

total  energy  of  the  current  developed  in  i  second,  the  unit  of  time,  is 

measured  in  volt-amperes,  or  watts,  the  product  of  the  number  of  volts 

by  the  number  of  amperes. 

„.  ^  .  .  We  have  seen  that  when  water,  acidulated  with  sulphuric 
Electrolysis  '  '^ 

of  Hydrogen  acid,  is  submitted  to  the  action  of  a  suitable  electnc  current 
Chloride.  hydrogen  is  liberated  at  one  pole  and  oxygen  is  evolved  at 
the  other  pole,  the  proportions  in  which  these  elements  are  liberated 
being  those  of  their  equivalents,  2.015  parts  by  weight  of  hydrogen  to 
16  parts  by  weight  of  oxygen.     In  like  manner,  when  we  take  a  solution 
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of  hydrogen  chloride,  hydrochloric  acid,  in  the  electrolytic  cell  and 
pass  a  current  of  electricity  through  it  hydrogen  is  delivered  at  the  one 
pole  and  chlorine,  a  green  gas,  is  set  free  at  the  other  pole.  Chlorine 
is  somewhat  soluble  in  water,  bat  alter  enough  chlorine  has  been  gen- 
erated to  saturate  the  solution  about  the  pole  at  which  the  chlorine  is  set 
free  it  is  found  that  hydrogen  and  chlorine  are  evolved  in  almost  equal 
vohitnes.  For  every  ^.015  parts  by  weight  of  hydrogen  set  free,  70.90 
parts  by  weight  of  chlorine  are  evolved,  and  if  these  weights  of  hydro- 
gen and  chlorine,  nearly  equal  in  volume,  are  combined  by  an  electric 
sparky  or  by  heating  to  the  point  of  ignition,  hydrogen  chloride  is  again 
formed.  The  hydrogen  and  chlorine  are  evolved  in  the  proportion  of 
their  equivalents. 

EleetTolysis  ^  solution  of  copper  sulphate  is  decomposed  similarly 
of  Copper  in  the  electrolytic  cell  with  the  deposition  of  copper  at  one 
Salphat*.       p^j^  ^jj^  ^f  oxygen  at  the  other  pole,  in  the  proportions  in 

which  copper  and  oxygen  combine  to .  form  copper  oxide,  63.6  parts 
by  weight  of  copper  and  16  parts  by  weight  of  oxygen,  or  in  the  pro- 
portion of  the  equivalents  of  these  elements. 

Sieettieal  It  is,  of  course,  a  necessity  that  in  the  decomposition  of 

Bqoivalenta.  compounds,  whether  by  electrolysis  or  otherwise,  the  ele- 
ments or  complexes  of  elements  should  be  liberated  in  the  proportion 
of  their  equivalents ;  but  it  is  remarkable  that,  as  was  discovered  by 
Faraday  in  1833,  when  the  electric  current  passes  through  different 
decomposcible  conductors  arranged  in  series  the  quantities  of  the  sub- 
stances separated  simultaneously  are  to  each  other  in  the  ratio  of  the 
chemital  equivcUents,  So,  when  we  arrange  in  sequence  four  cells  in 
which  are  produced  by  the  passage  of  a  definite  quantity  of  current 
measured  in  coulombs,  hydrogen  and  oxygen  in  the  first,  hydrogen  and 
chlorine  in  the  second,  copper  and  oxygen  from  copper  sulphate  in  the 
third,  and  in  the  fourth  copper  and  chlorine  from  melted  cuprous  chlo- 
ride in  which  the  equivalent  of  copper  is  twice  the  equivalent  of  that 
elenaent  in  copper  sulphate,  we  find  that  the  weights  produced  of  hydro- 
gen, oxygen,  chlorine,  copper  from  the  copper  sulphate  and  copper 
from  the  cuprous  chloride  are  to  one  another  in  the  ratio  of  the  equiva- 
lents of  these  elements  in  the  compounds  electrolyzed  —  namely,  2.015 
for  hydrogen,  16  for  oxygen,  70.90  for  chlorine,  63.6  and  127.2  for 
copper.  Without  the  liberation  of  these  elements  in  the  proportions 
giveD  no  current  passes,  and  sirK:e  the  same  current  passes  through  each 
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cell  the  equivalents  of  the  elements  carry  equal  quantities  of  electricity. 
So  it  is  plain  that  the  electrical  equivalents  of  the  elements  are  identical 
with  ike  chemical  equivalents. 

The  Ions  of  When  electrically  charged  parts  separated  from  com- 
Faraday.  pounds  reach  the  electrode  toward  which  they  are  directed 
they  either  give  up  their  charges  and  take  the  ordinary  forms  in  which 
we  know  elements  and  compounds  or  they  enter  into  secondary  reac- 
tions with  the  electrodes  or  the  solvent.  The  electrically  charged  parts 
that  move  in  electrolysis  Faraday  called  "  ionsJ^  Though  the  ions,  ele- 
mentary or  complex,  carry  equal  quantities  of  electricity,  it  appears,  as 
we  shall  see,  that  a  certain  difference  of  potential  between  the  electrodes 
is  necessary  in  order  that  continuous  action  may  take  place  in  the  elec- 
trolytic cell,  and  that  the  required  difference  of  potential  varies  with  the 
substance  electrolyzed. 

Electrolysis  ^^  ^^^  electrolysis  of  water,  hydrogen  is  liberated  at  the 
of  negative  pole  of  the  electrolytic  cell,  —  that  pole  which  is 

Water.  joined  to  the  corroded  battery  plate,  —  while  oxygen  is  set 

free  at  the  positive  pole  of  the  electrolytic  cell, — that  pole  which  is 
connected  with  the  uncorroded  battery  plate.  Since  we  find  that  elec- 
trically charged  bodies  attract  one  another  when  their  charges  are  of 
different  sign,  the  one  positive  and  the  other  negative,  and  repel  one 
another  when  their  charges  are  of  the  same  sign,  both  positive  or  both 
negative,  we  may  say  with  reason  that  the  hydrogen  which  moves  to  the 
negative  pole  must  be  positively  charged,  and  that  the  oxygen  which 
moves  to  the  positive  pole  must  be  negatively  charged.  In  the  electroly- 
sis of  watery  the  positively  charged  hydrogen^  or  positive  ion,  moves  to  the 
negative  pole  or  cathode,  and  the  negatively  charged  oxygen,  or  negative 
ion,  moves  to  the  positive  pole  or  anode,  and  these,  giving  up  their  charges 
to  the  electrodes,  become  hydrogen  and  oxygen  in  the  condition  in  which 
we  know  these  elements  ordinarily. 

Direction  of  It  is  sometimes  convenient  to  discover  the  negative  pole, 
the  Current,  or  cathode,  in  an  electrolytic  cell  by  noting  the  pole  at 
which  hydrogen  is  evolved ;  or  we  may  fix  upon  the  positive  pole,  or 
anode,  by  noting  the  pole  at  which  oxygen  is  liberated.  When  we  speak 
of  the  direction  of  the  current  it  is  the  conventionally  assumed  positive 
current  to  which  reference  is  made,  and  we  say  that  the  current  passes 
through  the  battery  from  the  positive  plate  to  the  negative  plate,  through 
the  connecting  wire  to  the  electrolytic  cell,  then  through  the  electrolytic 
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cell  from  the  positive  pole  to  the  negative  pole,  and  then  thfough 
the  wire  back  to  the  positive  plate.  When  the  connecting  wire  is  so 
I  arranged  that  the  current  passes  through  it  from  south  to  north  a  com- 
pass needle  placed  above  the  wire  is  deflected  to  the  right  as  we  look 
along  the  wire  in  the  direction  of  the  current,  while  if  the  needle  is 
placed  below  the  wire,  it  is  deflected  to  the  left;  and  the  needle  will 
point  in  the  reverse  of  these  directions  when  the  current  passes  from 
north  to  south.  So,  by  noticing  the  deflection  of  a  compass  needle 
under  the  influence  of  the  current  passing  through  the  connecting  wire, 
we  may  determine  conveniently  the  direction  of  the  current  and  fix  as 
positive  that  electrode  of  the  electrolytic  cell  and  that  plate  of  the 
battery  from  which  the  current  goes,  and  as  negative  that  electrode  and 
that  plate  toward  which  the  current  moves. 

By  means  of  the  compass  needle,  or  galvanometer  as  we  may  now  call 
it,  we  may  find  the  sign  of  the  electrodes  and  so  discover  very  easily  the 
character  of  the  electrical  charge  carried  by  the  ions  which  are  separated 
from  given  substances  and  are  carrying  the  current,  and  in  the  amount 
of  deflection  of  the  needle  we  have  an  indication  of  the  strength  of  the 
current. 

In  the  electrolysis  of  water,  hydrogen  is  the  positive  ion  while  oxygen 

is  the  negative  ion. 

+ 
Hydrogen  Oxide  =  Hydrogen-ion  -h  Oxygen-ion 

+ 
s=  Hydrogen  -f-  Charge  to  cathode 

+  Oxygen  +  Charge  to  anode, 

Eiectrolvsis  When  the  water  solution  of  hydrogen  chloride, 
of  Hydrogen  hydrochloric  acid,  is  electrolyzed,  hydrogen  is  evolved  at 
Chlonde.  ^j^g  cathode  and  chlorine  at  the  anode.  Obviously  in  the 
electrolysis  of  hydrogen  chloride,  hydrogen  is  the  positive  ion  and  gives 
up  its  charge  to  the  cathode,  and  chlorine  is  the  negative  ion  and  gives 
up  its  charge  to  the  anode.  Disregarding  the  final  change  which  takes 
place  when  the  ions  give  up  their  charges  we  may  express  the  electroly- 
sis by  the  equation : 

+  - 

Hydrogen  Chloride  =  Hydrogen-ion  -f  Chlorine-ion. 

Eiectxolvsia  Sodium  chloride,  common  salt,  a  compound  of  the 
of  Sodium  elements  sodium  and  chlorine,  may  be  melted  at  a  red  heat 
Chloride.         a^jj^i  decomposed  by  the  electric  current  in  a  suitable  elec- 
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trolytic  cell.  Under  these  circumstanced,  sddiUixi  becomes  the  positive 
ion,  and  moving  to  the  negative  pole,  or  cathode,  gives  up  its  charge, 
and  distills  off  as  metallic  sodium,  while  the  chlorine  moves  as-  the  nega- 
tive ion  to  the  positive  pole^  or  anode,  there  yields  its  charge,  and  is 
evolved  in  free  condition. 

When  a  solution  ofsodiunl  chloride  in  water  is  submitted  to  the 
action  of  the  electric  current,  electrolysis  takes  place,  and  chlorine  is 
set  free  at  the  anode ;  but  the  sodium,  which  would  naturally  appear  at 
the  cathode,  if  there  wete  nothing  there  to  act  upon  it,  enters  at  once, 
upon  delivering  up  its  electrical  charge,  into  a  secondary  action  upon  the 
Water  and  produces  sodium  hydroxide  with  liberation  of  hydrogen 
according  to  a  reaction  which  we  have  already  seen*  If,  however,  the 
cathode  be  covered  with  mercury,  the  sodiUm-ion,  upon  giving  up  its 
charge,  combines  with  the  mercury  to  form  an  amalgam,  and  so  is  able 
to  resist  the  action  of  the  water.  In  this  way  we  are  able  to  electrolyse 
sodium  chloride,  even  in  its  solution  in  water,  into  sodium  and  chlorine, 
the  sodium  separating  from  the  sodium  chloride  as  the  positive  ioUi 

while  chlorine  becomes  the  negative  ion : 

+  - 

Sodium  Chloride  =  Sodium-ion  +  Chlorine-ion. 

El  tr  1  1  When  sodium  hydroxide,  a  compound  of  sodiumi 
of  Sodium  oxygen,  and  hydrogen,  which  we  have  made  by  acting  with 
Hydroxide,  metallic  sodium  upon  water,  is  submitted  in  water  solution 
to  the  action  of  the  electric  current,  electrolysis  takes  place.  We  cannot 
expect  to  find  free  sodium  in  the  presence  of  water ;  but  if  the  elec- 
trolysis is  performed  in  an  apparatus  provided  with  a  mercury  cathode, 
we  may,  as  in  the  electrolysis  of  the  sodium  chloride,  obtain  the  sodium 
in  combination  with  the  mercury  while  oxygen  is  set  free  at  the  anode. 
This  action  is  reasonably  explained  by  supposing  that  the  sodium 
hydroxide  divides  into  a  positive  sodium-ion  and  a  negative  hydrogen- 
oxygen-ion,  hydrogen  and  oxygen  being  the  other  constituents  of  the 
sodium  hydroxide ;  and  that  while  the  positive  sodium-ion  amalgamates 
with  the  mercury,  the  negative  hydrogen-oxygen-ion  moving  to  the  anode 
gives  up  its  charge,  produces  water  which  we  do  not  see,  and  evolves  so 
much  of  its  oxygen  as  is  in  excess  of  the  amount  necessary  to  produce 

water  with  the  hydrogen  which  it  contains. 

+  - 

Sodium  Hydroxide  =  Sodium-ion  +  Hydrogen-oxygen-ion 

s=  Sodium  -f  Oxygen  -f-  Hydrogen  Otxdi 
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We  shall  see  that  this  view  gains  support  when  we  come  to  study  the 
quantitative  composition  of  sodium  hydroxide,  and  the  way  in  which  it 
breaks  up  in  many  chemical  reactions. 

loniuLtioii  '^^  ^^  ^^^  ^^^^  ^^  recognize  the  phenomena  of  ionization 

in  SUctniiy-  in  the  electrolysis  of  chemical  compounds^  and  the  delivery  of 
■"••  certain  positive  ions  at  the  cathode  or  negative  pole^  and 

of  certain  negative  ions  at  the  anode  or  positive  pole.  The  special 
ions  that  we  have  thus  far  noted  are : 

POSITIVB  NbGATIVB 

Hydrogen-ion  Oxygen-ion 

Sodium-ioQ  Chlorine-ion 

Hydrogen-oxygen-ion. 

The  positive  ions  are  called  cations^  and  the  negative  ions  are  known 
as  anions. 

Metals  and  As  we  proceed  experimentally  with  the  electrolysis  of 
Hon-metais.  compounds  consisting  pf  two  elements  we  find  in  general 
that  the  distinctly  characteristic  metallic  elements  or  metals^  good  conduc- 
tors of  heat  and  electricity^  like  sodium^  potassium ^  magnesium,  zinc^ 
coppery  stand  together  as  a  class  with  hydrogen  by  reason  of  their  ability  to 
produce  positive  ions,  or  cations,  from  their  compounds  with  certain  non- 
metallic  elements  like  oxygen,  chlorine,  bromine,  iodine,  sulphur,  which 
appear  in  the  electrolysis  as  negative  ions  or  anions. 

Now  let  us  look  into  the  action  of  some  simple  forms  of  voltaic  cell, 
like  the  voltaic  cells  constituting  the  battery  with  which  we  first  brought 
about  the  electrolysis  of  water.  We  make  these  batteries  by  immersing 
in  water  containing  some  corrosive  agent  twp  plates  of  certain  different 
elexnents,  kept  from  contact  with  one  another  within  the  liquid,  and  con- 
nected by  a  wire  external  to  the  liquid.  We  notice  that  one  of  the 
plates  becomes  corroded  while  the  other  plate  remains  unaffected.  We 
have  already  learned  that  the  corroded  plate  is  called  the  positive  plate 
and  the  uncorroded  plate  the  negative  plate,  and  that  we  may  determine 
the  sign  of  each  plate,  without  going  to  the  trouble  of  noting  the  corro- 
sive action,  by  the  behavior  of  a  compass  needle  or  galvanometer  when 
influenced  by  the  passing  current. 

na  Ziaa-  ^^  ^^^^  make  a  little  voltaic  cell  by  immersing  in  suffi- 

Copper  ciently  dilute  sulphuric  acid  a  strip  of  zinc  and  a  strip 

C<mpl«-  of  copper  kept  from  contact  with  one  another  in  the  liquid, 

B 


98 


OUTLINES  OF  INORGANIC  CHEMISTRY 


and  connected  by  a  wire  external  to  the  liquid.     When  such  a  voltaic 

cell  is  put  in  action,  the  zinc  is  corroded  by  the  sulphuric  acid  while  the 

copper  is  unaffected.     Upon  looking  into  the  reaction  which  takes  place 

we  find  that  sulphuric  acid  is  broken  up,  hydrogen  is  produced    and 

carried  to  the  copper  where  it  is  set  free,  and  zinc  sulphate  is  formed  in 

solution.     We  find  that  the  current  flows  from  the  zinc  to  the  copper  in 

the  liquid  and  from  the  copper  to  the  zinc  in  the  wire.     Zinc  is  therefore 

the  positive  plate  and  copper  is  the  negative  plate. 

+ 
Zinc  +  Hydrogen-ion  -|-  Sulphur-oxygen-ion 

=  Zinc  Sulphate  -|-  Charge  to  zinc  plate 

+ 
-f  Hydrogen  -|-  Charge  to  copper  piaie 

The  Zinc-  We  may  construct  similarly  a  little  voltaic  cell  of  zinc 

Iron  Couple,  ^nd  iron  in  dilute  sulphuric  acid,  and  in  this  case  we  find 
that  the  zinc  is  corroded,  with  formation  of  zinc  sulphate,  and  that 
hydrogen  is  liberated.  The  current  flows  from  the  zinc  to  the  iron 
in  the  liquid,  and  from  the  iron  to  the  zinc  in,  the  wire.  The  zinc  is 
positive  and  the  iron  is  negative. 

We  may  say,  therefore,  that  zinc  is  electrically  positive  to  both  copper 
and  iron. 

The  Iron-  ^^  ^^^  ^^  construct   a   cell   of  iron   and   copper    in 

Copper  dilute  sulphuric  acid,  we  find  that  the  iron  becomes  the 

^"P  *•  corroded  plate,  iron  sulphate  and  hydrogen  being  formed, 

and  that  the  current  flows  from  the  iron  to  the  copper  in  the  liquid,  and 
from  the  copper  to  the  iron  in  the  wire.     The  iron  is  the  positive  plate 

and  the  copper  is  the 
negative  plate,  and  iron 
is  electrically  positive  to 
copper. 

If  we  compare  the  be- 
havior of  the  three  metals 
in  the  three  electrical 
couples,  we  see  that  the 
zinc  is  clearly  positive  to 
copper,  and  that  while  in 
the  zinc-iron  couple  the 

Fig.  32.  — A  Convenient  Arrangement  of  the  Metallic    ^^^"^    ^^    negative    tO    the 

Couples.  zinc,  in  the  iron-copper 
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couple  the  iron  is  positive  to  the  copper.  Evidently  the  character  of 
the  iron  as  a  negative  or  positive  element  is  determined  by  its  associa- 
tion. We  see  further  that  the  electrical  relations  of  these  three  elements 
may  be  shown  if  we  arrange  the  elements  in  a  series,  commencing  with 
zinc,  the  most  positive  element,  and  ending  with  copper,  the  most  nega- 
tive element.  Iron,  occupying  the  intermediate  position,  is  negative  to 
the  element  above  it,  and  positive  to  the  element  below  it. 
+  Zinc 

±  Iron 

—  Copper 
The  iron-  ^"  ^^^  simple  type  of  voltaic  cell  which  we  have  been 

poiaiiiins      using  hydrogen  moves  from  the  positive  plate  to  the  nega- 
live  plate,  and  there,  adhering  more  or  less  to  the  negative 
plate,  transforms  it  partly  into  a  hydrogen  plate,  or,  as  it  is  said, "polar- 
izes "  the  cell.    If  each  plate  is  made  to  dip  into  a  solution  of  a  sub- 
stance which  may  be  ionized   into   the  element  of  which  the  plate 
consists,  as  cation,  and  an  anion,  with  due  care 
to  keep  the  two  liquids  from  mixing,  hydrogen  is 
not  a  product  of  the  action,  and  a  non-polarizing 
cell  is  the  result.    Thus,  by  dipping  a  zinc  plate 
into  a  solution  of  zinc  sulphate  contained  in  a 
jar,  and  a  copper  plate  into  a  solution  of  copper 
sulphate  contained  in  a  porous  cup  set  within 
the  solution  of  zinc  sulphate,  we  have  an  arrange- 
ment in  which  each   metal  dips  into  the  solution    y\q  «  — zinc~piaie  in 
ofacompoundof  that  metal  with  a  sulphur-oxygen-      Zinc  Sulphaie  and  Cop- 
.",.,,  ,     .  -    .  P*f   V\aK    in   Copper 

ion,  while  these  two  solutions,  of  zinc  sulphate  and  sulphaie,  separated  by 
copper  sulphate,  are  in  contact  and  yet  kept  from  Porous  Cup.  (Non- 
mixing  very  much  by  the  wall  of  the  porous  cup,         ^  ammg  ce 

If  now  the  zinc  plate  and  the  copper  plate  are  connected  by  a  wire, 
the  current  moves  from  the  zinc  toward  the  copper  through  the  liquids. 
In  the  jar  zinc  is  corroded  with  formation  of  zinc  sulphate,  while  in 
the  porous  cup  copper  is  deposited  upon  the  copper  plate. 

We  have  in  the  jar. 

Zinc  Sulphate  =  Zinc-ion  -J-  Sulphur-oxygen- ion 
and  in  the  cup. 

Copper  Sulphate  =  Copper-ion  -|-  Sulphur-oxygen-ion 
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Then,  by  exchange  of  ions  and  charges  between  the  liquids,  and  action 
upon  the  zinc  plate, 

+  — 

Zinc  -h  [Zlnc-iott  +  Sulphur-oxygcn-ion] 

+  - 

+  [Copper-ion  -h  Sulphur-oxygen-ion] 

atf  Zinc  Sulphate  +  Charge  t&  stinc  plate 

+ 
+  Zinc  Sulphate  +  Charge  to  copperplate  +  Copper 


Yjj^  A  similar  non-polarizing  cell  may  be  made  by  using  zinc 

Potential  of  in  zinc  sulphate  with  iron  in  iron  sulphate,  and  another 
theCeU.  non-polarizing  cell  by  using  iron  in  iron  sulphate  with 
copper  in  copper  sulphate.  Such  cells  while  in  action  maintain  a 
difference  of  potential  between  the  electrodes  that  is  nearly  constant, 
and  this  difference,  or  what  is  called  the  potential  of  the  cell^  may  b« 
determined  by  means  of  a  voltmeter. 

In  all  such  processes  it  is  found  that  the  reactions  involve  equivalents 
of  the  elements  for  the  same  quantity  of  electricity  passing  through 
the  cell,  and  so  are  in  accord  with  Faraday's  Law ;  but  the  work  which  the 
cell  can  perform  for  an  equivalent  of  element  involved  varies  with  the 
elements  and  is  proportional  to  the  difference  of  potential  between 
the  electrodes.  So  it  appears  that  the  potential  of  the  cell  measures  the 
work  done  in  connection  with  the  chemical  reaction  in  the  cell.  More- 
over, we  find  that  the  potential  difference  is  greatest  between  the 
individual  elements  farthest  apart  in  the  series.  Thus  we  find  that 
the  potential  differences  for  the  couples  composed  of  the  elements 
mentioned,  in  their  sulphate  solutions,  stand  as  follows : 

Zinc-copper  ....  1.039  volts 
Zinc-iron  ....  0.431  volts 
Iron-copper  ....    0.608  volts 

Potential  Now,  the  physicists  are  able  to  show  us  that  the  entire 

Differences,  differences  of  potential  between  the  electrodes  of  any  such 
cell  are  very  nearly  the  sum  of  the  single  potential  differences  between 
the  metals  of  the  couple  and  the  suitable  solutions  of  their  compounds 
constituting  the  cell  liquids,  and  that  these  single  potential  differences, 
approximately  similar  for  different  compounds  of  the  same  elements  in 
the  cell  liquids,  are  determinable  by  appropriate  means.    So  we  may 


ELECTRICAL  EQUIVALENTS  AND  IONS 


lOI 


make  a  table  which  shall  exhibit  the  order  and  in  many  cases  the  ap- 
proxinoate  nuioerical  values  of  single  potentials  of  the  metals, —  the  differ- 
eaces  between  the  potentials  of  the  individual  metals  and  the  potentials 
of  the  suitable  solutions  of  their  compounds  taken  as  zero.  In  this 
single  potential  series  every  Ptetal  is  electrically  positive  to  a  metal  below 
i/y  and  eleetrieally  negative  to  a  metal  above  itt 


Differences  in  Potential  between  Metai^  anp  Solutions  or 

THEIR  Compounds 

^Potentials  of  Bolutions  =  o.] 


Mbtai. 

Sulphate 

Cni^Rip* 

Voltf 

Voltt 

Magnesium 

+ 1.239 

+  1.231 

AlmiUBivm 

i        • 

+  1.040 

+  1.015 

Manganese 

•        • 

. 

+0.815 

+0.824 

Zinc   . 

>        • 

+0.524 

+0.503 

Caxlmium   • 

»        ♦ 

+0.163 

+Q.174 

Thallium    ,        j 

r           $           i 

+0-114 

+0.J51 

Iron    .        • 

►          r 

+0.093 

+0.087 

Cobalt 

»          • 

—0.019 

—  O.OIJ 

Nickel 

—0.022 

—  0.02Q 

Lead. 

-0.095 

Hydrogen* 

-0.238 

-0.249 

Bismutb 

-0490 

-0.315 

Arsenic 

-O.55Q 

Antimony  . 

-0.37^ 

Tin     • 

—0.085 

Copper 

-0.515 

Mercury     ,        , 

— 0.9&) 

Snver 

-0.974 

I^lladinn  . 

-J.066 

Platinum    . 

>               9              i 

■ 

-1.140 

Gold  . 

1               1 

-1.356 

NiTKATB 

Vokf 


+  1.060 

+0.775 

+0.560 

+0473 

+0.122 

+0.1 12 


—0.078 
—0.060 
—O.I  15 

—0.500 


0.615 
IJ028 

■1.055 


ACXT4TE 
Voltf 


+  X.24O 


+  0.522 


—  0.004 

—  0.079 
-0.150 


-0.580 
—  0.991 


The  potential  of  anjr  couple  made  by  using  any  two  of  these  elements 
in  the  solutioos  of  their  compounds  named  is  expressed  l^  the  algebraic 
difierooce  of  the  single  potentials  recorded.  The  numerical  values, 
and  «Viei|  the  order  in  some  caaes  where  secondary  chemical  reactions 

*  Classed  w|lb  tlie  metals. 
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take  place  apart  from  the  main  reaction,  vary  somewhat  with  change  in 
the  concentration  and  composition  of  the  cell  solutions.  As  a  result 
of  many  experiments  it  appears  that  unless  secondary  chemical  reactions 
intervene  the  potential  of  the  metal  is  independent  of  the  nature  of  the 
negative  ion  of  the  compound  present  in  the  solution. 

Just  as  the  metals  develop  in  the  formation  of  compounds  different 
potentials,  so  different  potentials  are  required  to  separate  the  metals  frotn 
compounds  by  electrolysis.  It  is  possible,  for  example,  to  precipitate  only 
the  copper  from  a  solution  containing  a  copper  compound  and  a  zinc 
compound  if  the  difference  of  potential  between  the  electrodes  is  kept 
suitably  low,  and  by  increasing  the  potential  difference  to  deposit  the 
zinc  as  well  as  the  copper. 

The  approximate  dissociation  potentials,  or  single  potentials  required 
to  separate  from  their  compounds  various  metals  or  cations,  and  also 
various  non-metals  or  anions,  are  given  in  the  following  table^  the  single 
potential  of  hydrogen  being  fixed  as  o. 


Approximate  Single  Potentials  of  Ions 


Cations 

Volts 

Anions 

Volts 

Zinc 

+0.770 

Iodine 

—0.520 

Cadmium 

+  0.420 

Bromine 

-0.993 

Lead 

+0.148 

Oxygen 

-l.o8 

Hydrogen 

±0.000 

Chlorine 

-MI7 

Copper 

-  0.329 

Hydrogen-oxygen 
2.015*  32.06* 

-1.68 

Silver 

-0.771 

Sulphur-oxygen 

-1.9 

• 

32.06*  64* 

From  these  figures  for  the  dissociation  potentials  it  is  possible,  by 
taking  the  algebraic  difference  of  the  potentials  of  the  ions  involved,  to 
determine  the  potential  of  the  current  which  is  required  to  electrolyze 
a  compound  which  upon  ionizing  gives  the  ions  for  which  the  data  are 
given.  Thus  for  the  electrolysis  of  zinc  sulphate  a  current  showing  at 
the  electrodes  a  potential  difference  approximating  0.770-I-1.9,  or  2.67 
volts  is  required,  while  copper  sulphate  may  be  electrolyzed  with  a  cur- 
rent of  which  the  potential  is  approximately  1.9-0.329,  or  1.5  71  volts. 

*  Equivalent 
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Chemical  Electricity  is  developed  in  the  voltaic  cells  which  we  have 

Affinities.  studied  as  the  result  of  chemical  reactions  which  take  place, 
as  we  suppose,  in  obedience  to  chemical  attractions^  or  affinities,  of  ele- 
ments, or  complexes  of  elements,  and  between  chemical  equivalents  of 
the  elements  or  complexes  of  elements ;  and  so  the  voltaic  cells  are 
machines  for  converting  chemical  energy  into  electrical  energy.  If  we 
suppose  chemical  energy  to  be  the  product  of  a  factor  determined 
by  the  weight  of  matter  affected  and  of  a  factor  determined  by 
the  chemical  attractions  or  affinities,  it  is  reasonable  to  suppose  that 
just  as,  according  to  Faradafs  Law,  chemiccU  equivalents  of  the  reacting 
elements  or  complexes  of  elements —  the  ions  —  whether  in  the  voltaic  cell 
or  in  the  electrolytic  cell,  carry  equal  quantities  of  electricity,  just  so  they 
are  endowed  with  equal  quantities  of  chemical  energy.  Then,  making 
the  quantity  of  electricity  carried  by  the  chemical  equivalent  the  measure 
of  the  quantity  of  chemical  energy,  the  chemical  affinity  of  the  elements 
and  complexes  of  the  elements  will  be  measured  by  the  individual  electri- 
cal potentials.  At  the  present  time  the  determination  of  the  electrical 
potentials  is  the  most  available  means  of  fixing  values  of  chemical 
affinities. 

Replace-  When  a  piece  of  zinc  is  put  into  a  solution  of  copper 

mentof  Cop-  sulphate  the  zinc  is  corroded  and  copper  is  deposited. 
per  by  Zinc.  ^^  reaction  is  like  that  of  one  of  the  voltaic  cells  which  we 
have  studied,  but  in  this  case  no  electrical  current  is  established,  for  the 
simple  reason  that  the  transfer  of  charges  takes  place  locally  between 
the  copper  and  zinc  in  contact.  In  order  that  the  reaction  may  pro- 
duce an  electric  current  the  process  of  corroding  the  one  metal  and 
depositing  the  other  must  take  place  at  different  points  in  the  liquid. 
The  reaction  takes  place,  however,  in  obedience  to  the  chemical  attrac- 
tions and  in  this  case,  as  we  shall  see  later,  chemical  energy  is  trans- 
formed into  heat.    The  reaction  is  expressed  by  the  equation : 

Zinc  -f-  Copper  Sulphate  =  Zinc  Sulphate  +  Copper 
+  — 

or.  Zinc  -f  [Copper-ion  +  Sulphur-oxygen-ion] 

+  — 

=  [Zinc-ion  +  Sulphur-oxygen-ion]  +  Copper 

If  we  consult  the  tables  of  potentials  we  see  that  the  reaction  has  pro- 
ceeded so  that  the  cation  of  higher  potential,  the  zinc,  has  displaced  the 
cation  of  lower  potential,  the   copper,  from  its  combination  with  the 
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anion,  the  sulphur-oxygen-ion,  and  this  is  quite  in  accord  with  what 
should  take  place  if  chemical  affinity  is  measurable  by  electrical  poten- 
tial. We  find,  in  general,  that  the  single  potential  series  of  the  met^zls  or 
cations  is  also  a  series  which  expresses  the  tendencies  of  metals  or  cations 
to  combine  with  non-metals  or  anions  ;  and  that  the  higher  a  metal  or 
cation  stands  in  the  series,  the  greater  is  its  tendency  to  replace  a  lower 
metal  or  cation  in  a  compound  of  the  latter  and  a  non-metal  or  anian, 
ReDiace-  ^^^  example,  if  a  piece  of  zinc,  which  stands  above 

mentof  Lead  lead  in  the  series,  is  suspended  in  a. strong  solution  of  lead 
by  Zinc.  acetate,  the  zinc  is  corroded,  forming  zinc  acetate,  and 
the  lead  is  deposited  upon  the  zinc  where  the  action  takes  place,  form- 
ing ultimately  the  arborescent  growth  of  lead  crystals  known  as   the 

"lead  tree." 

Lead  Acetate  -h  Zinc  »  Zinc  Acetate  -f  Lead 

_    ,  We  notice  in  the  table  that  iron  stands  above  copper,  and 

Replace-  rt-    * 

ment  of  Cop-  are  not  surprised,  therefore,  to  find  that  a  strip  of  iron 
perbylnm.  dipped  into  a  solution  of  copper  sulphate,  becomes 
covered  with  copper,  while  iron  sulphate  is  formed  in  solution. 

Copper  Sulphate  +  Iron  =  Iron  Sulphate  +  Copper 

So,  also,  if  we  hang  a  bit  of  copper,  which  stands  above 

mentof Mer-  mercury  in  the  series,  in  a  solution  of  mercury  nitrate, 

cuiy  by  the  liquid  soon  takes  the  color  of  copper  nitrate  in  solu- 

opper.  ^.^^^  while  mercury  is  deposited  upon  the  copper  as  a  dark 

« 

coating  which  takes,  when  rubbed  with  a  bit  of  paper,  the  characteristic 
color  and  luster  of  mercury. 

Mercury  Nitrate  +  Copper  =  Copper  Nitrate  -f-  Mercury 

_  Mercury,  in  turn,  which  stands  below  zinc,  iron,  and  cop- 

ment  of  Sil-  P^r  in  the  series,  and  which,  accordingly,  does  not  displace 
vcr  by  Mer-  these  elements  from  their  solutions,  will  nevertheless  dis; 
*  place  silver  from  silver  nitrate,  since  silver  is  below  mercury 

in  the  series.  Thus,  a  little  mercury  placed  in  a  solution  of  silver 
nitrate  soon  becomes  coated  with  fine  crystals  containing  the  silver 
in  partial  combination  with  mercury. 

Silver  Nitrate  •+-  Mercury  =i  Mercury  Nitrate  -h  Silver 

We  find,  furthermore,  that  the  single  potential  series  of  non-metals  or 
anions  is  also  a  series  which  expresses  the  tendencies  of  the  non-metals  or 
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anions  to  combine  with  metals  or  cations  ;  and  that  the  lower  a  non-metal 
or  anion  stands  in  the  series y  the  greater  is  its  tendency  to  replace  a  higher 
non-metal  or  anion  in  a  compound  of  the  latter  and  a  metal  or  cation. 
Replacement  '^^^  single  potential  series  shows  that  chlorine  is  lower  in 
of  Bromine  the  series  than  bromine.  When,  therefore,  we  add  chlorine, 
byChioxine.  (jjssolved  in  water,  to  a  solution  of  potassium  bromide, 
we  are  not  surprised  to  find  that  the  bromine  is  liberated  and  may  be 
collected  from  its  solution  in  the  water  by  shaking  the  solution  with  a 
little  chloroform,  which,  taking  the  bromine  away  from  the  water, 
holds  it  in  a  reddish*  yellow  solution,  while  the  potassium  chloride 
remains  dissolved  in  the  water. 

Potassium  Bromide  +  Chlorine  =  Potassium  Chloride  -f  Bromine 

B   lAce      t       ^^  ^^  ^^  might  predict  that  either  chlorine  or  bromine 

of  Iodine  by    will  replace  iodine  in  potassium  iodide,  and   this  we  find 

Chlorine  or  ^.o  be  the  case  when  we  add  a  very  little  chlorine  or 
Bromine. 

bromine  to  a  solution   of  potassium  iodide.     The 

iodine  thus  liberated  may,  like  the  bromine,  be  collected  in  chloroform, 

but  its  color  is  violet  and  quite  characteristic. 

Potassium  Iodide  +  Chlorine  =5  Potassium  Chloride  +  Iodine 
Potassium  Iodide  +  Bromine  =  Potassium  Bromide  -|-  Iodine 

The  greatest  tendency  to  action  comes  out  between  the  highest 
metals  or  cations  and  the  lowest  non-metals  or  anions. 

Further  investigation  of  the  electrical  potentials  involved  in  various 
systems  of  elements  is  much  to  be  desired. 


CHAPTER   IX 
ACIDS,    BAS£S,  SALTS 

We  have  already  in  the  course  of  our  study  met  with  certain  acids  like 
hydrochloric  acid,  nitric  acid,  sulphuric  acid,  phosphoric  acid,  and  car- 
bonic acid.  All  these  substances  which  we  have  called  acids  are  charac- 
terized by  a  sharp,  sour  taste,  more  or  less  like  that  of  vinegar,  and  all 
are  compounds  of  hydrogen,  and  with  the  exception  of  hydrochloric  acid 
all  are  hydroxides.  Hydrochloric  acid  and  carbonic  acid  are  solutio^^ 
in  water  of  colorless  gaseous  hydrogen  chloride  and  carbon  dioxide  re- 
spectively, while  nitric  acid,  sulphuric  acid,  and  phosphoric  acid  are 
colorless  liquids  which  may  be  dissolved  in  water  to  form  solutions  more 
or  less  dilute.  As  we  get  on  we  shall  see  that  these  acids  react  more 
or  less  rapidly  with  certain  metals  like  zinc  and  magnesium,  as  we  have 
seen  sulphuric  acid  react ;  and  when  we  take  note  of  the  character  of 
the  elements  associated  in  them  with  hydrogen  or  hydrogen  and  oxygen, 
we  shall  find  that  these  associated  elements  are  non-metallic.  Neither 
chlorine,  nor  nitrogen,  nor  sulphur,  nor  phosphorus,  nor  carbon,  possess 
the  physical  properties  which  characterize  the  metals.  These  comp>ounds 
containing  both  hydrogen  and  non-metallic  elements  we  call  typical  acids. 

Certain  other  hydroxides  with  which  we  have  met,  though  compounds 
of  hydrogen,  are  very  different  from  the  typical  acids.  Such  compounds 
are  sodium  hydroxide  and  potassium  hydroxide.  These  two  hydroxides 
are  alike  in  being  white  solids,  dissolving  in  water  to  form  solutions 
which  even  when  very  dilute  possess  powerfully  caustic  properties,  act- 
ing upon  the  skin  when  applied  to  it,  and  so  producing  a  characteristic 
slipperiness  of  the  skin  like  that  produced  by  soap.  They  are  also  alike 
in  being  hydroxides  of  elements,  sodium  and  potassium,  which  have  the 
luster  and  other  properties  characteristic  of  metals. 
Hydrogen  Now  let  us  study  more  in  detail  the  individual  properties, 

^**d*s^i  ^"^  ^^^^  ^^  behavior  toward  one  another,  of  representatives 

Hydroxide.       of  each  of  these  two  groups  of  compounds.     Hydrochloric 
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acid,  a  member  of  the  first  group,  the  solution  in  water  of  the  extremely 
soluble  gaseous  hydrogen  chloride,  may  be  completely  volatilized  by 
heating.  Sodium  hydroxide,  a  member  of  the  second  group,  is  a  white 
solid,  soluble  in  water,  left  behind  as  a  residue  when  the  water  which 
dissolves  it  is  evaporated,  and  able  to  withstand  a  very  high  teniperature 
without  decomposing  or  volatilizing.  Both  hydrogen  chloride  and  sodium 
hydroxide  may  be  analyzed  and  the  results  of  the  analyses  may  be  con- 
veniently expressed  by  equivalents,  as  shown  in  the  following  table : 

CoMPOsmoN  OF  Hydrogen  Chloride 

Parts  by  Weight 

Hydrogen 2.02 

Chlorine 70.90 

Hydrogen  Chloride 72.92 

The  composition  of  sodium  hydroxide,  similarly  determined,  is  shown 
by  the  following  figures : 

Composition  of  Sodium  Hydroxide 

Parts  by  Weight 

Sodium 46.10 

Oxygen 32.00 

Hydrogen 2.02 

80.12 

We  may  determine,  moreover,  the  strength  of  a  solution  of  either 
hydrogen  chloride  or  of  sodium  hydroxide,  and  thus  be  able  to  know 
what  weight  of  either  substance  we  have  when  we  weigh  out  or  measure 
out  a  given  amount  of  solution. 

Let  us  now  take  enough  of  hydrochloric  acid  solution  to  contain 
72.92' cgrm.  of  hydrogen  chloride,  and  add  to  it  80.12  cgrm.  of  sodium 
hydroxide,  previously  dissolved  in  water,  mix  the  solutions,  evaporate 
the  liquid,  and  examine  the  residue.  A  new  substance  is  left  which  has 
neither  the  sharp  taste  of  the  hydrogen  chloride  nor  the  caustic  action 
of  the  sodium  hydroxide.  Upon  analyzing  this  residue  we  find  it  to 
consist  of  sodium  and  chlorine  in  the  proportions  by  weight  shown 
below.     It  is  sodium  chloride. 
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Composition  of  Sodium  Chloride 

Parts  by  Weight 

Sodium 46.10 

Chlorine 70.90 

Sodium  chloride  ....       117.00 

By  placing  side  by  side  the  figures  of  analysis  it  is  possible  to  show 
what  takes  place  when  hydrogen  chloride  and  sodium  hydroxide  interact 
in  the  proportions  indicated.  The  statement  may  be  made  in  the 
form  of  an  equation  in  which  hydrogen  chloride  and  sodium  hydroxide 
are  the  factors,  and  sodium  chloride  and  water  the  products. 

Hydrogen  Chloride  -|-  Sodium  Hydroxide  =  Sodium  Chloride  +  Hydrogen  Oxide 

Parts  by  Weight  Parts  by  Weight  Parts  by  Weight  Parts  by  Weight 

Hydrogen    a.oa  Sodium     46.10  Sodium  46.10  Hydrogtn    a,02 

Oxygen      32.00  Oxygen     32.00 

Chlorine    70.90  Hydrogen    2.jqz  Chlorine  70.90  Hydrcgcn    2.02 

72.92  80.12  117.00  3^04 

The  sodium  chloride  formed  by  the  interaction  of  hydrogen  chloride 

and  sodium  hydroxide  is  not  a  hydroxide  nor  a  compound  of  hydrogen. 

It  contains  sodium  and  chlorine.     7/  appears  that  the  hydrogen  of  the 

Interaction      hydrogen  chloride  has  been   replaced  by  the  sodium  of  the 

of  Hydrogen    sodium  hydroxide,  and  that  the  hydrogen  thus  replaced  in 

Chlonde  &nd 

Sodium  ihe  hydrogen  chloride  has  combined  with  the  hydrogen  and 

Hydroxidt.      oxygen  originally  in  the  sodium  hydroxide  to  form  hydrogen 

oxide  or  water.    The  change  is  a  metathesis,  in  which  the  identity  of 

the  hydrogen  chloride  and  the  identity  of  the  sodium  hydroxide  have 

Neutraliza-     been  destroyed.     The  sodium  hydroxide  has  neutrahned  the 

tiott.  hydrogen  chloride,  and  the  hydrogen  chloride  has  neutraiited 

the  sodium  hydroxide. 

Now  if  we  designate  the  parts  that  move  from  compound  to  compound 

as  "  ions/*  as  Faraday  designated  the  parts  of  compounds  that  move 

under  the  action  of  the  electric  current,  we  may  say  that  the  hydrogen-ion 

of  the  hydrogen  chloride  changes  places  with  the  sodium-ion  of  the  sodium 

hydroxide,  the  sodium-ion  and  the  chlorine-ion  combining  to  form  sodium 

chloride,  while  the  hydrogen-ion  combines  with  the  hydrogen-oxygen-ion 
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0/  the  sodium  hydroxide  to  form  hydrogen  oxide  or  water.  When  we 
elcctrolyzed  hydrogen  chloride  we  saw  that  the  hydrogen-ion  was  posi- 
tive, and  that  the  chlorine-ion  was  negative ;  in  the  electrolysis  of  sodium 
chloride  we  found  the  sodium-ion  to  be  positive^  and  the  chlorine-ion 
negative ;  and  in  the  electrolysis  of  sodium  hydroxide  we  found  the 
sodium-ion  to  be  positive  and  the  hydrogen-oxygen-ion  to  be  negative. 
We  may  therefore  classify  by  their  relations  under  electrolysis  the  ions 
which  take  part  in  the  reaction  between  hydrogen  chloride  and  sodium 
hydroxide : 

PofiinvB  Ions  Nbcativb  Ions 

+ 

Hydrogen-ion  Chlorine-ion 

+  — 

Sodium-ion  Hydrogen -oxygen-ion 

We  may  make  use  of  this  classification  in  writing  in  more  simple  form 
the  equation  by  which  this  reaction  is  expressed : 

Hydrogen  Chloride  -{-  Sodium  Hydroxide  =  Sodium  Chloride  +  Hydrogen  Oxide 

+  +  ^         +  + 

Hydrogertr-ion  Sodium-ion  Sodium-ion  Hydrogen-ion 

Chlorine-ioii  Hydrogen-^xygen-ion    Chlorine-ion  Hydrogen-oxygen-ion 

ThM  Ions  in  Hydrogen  chloride  is  then  a  compound  of  hydrogen  con- 
Neutraliza-  taining  a  positive  hydrogen-ion,  while  in  sodium  hydroxide, 
**<*»•  Jiydrogen  is  a  part  of  the  negative  hydrogen-oxygen-ion  ;  the 

process  of  mutual  neutralization  of  the  hydrogen  chloride  and  sodium 
hydroxide  consists  in  the  replacement  of  the  positive  hydrogen-ion  of  the 
hydrogen  chloride  by  the  positive  sodium-ion  of  the  sodium  hydroxide, 
while  the  positive  hydrogen-ion  of  the  hydrogen  chloride  combines  with 
the  negative  hydrogen-oxygen-ion  of  the  sodium  hydroxide,  neutral  sodium 
chloride  and  water  being  the  products. 

When  the  proportions  in  which  hydrogen  chloride  and  sodium  hydrox- 
ide are  mixed  varies  from  the  ratio  of  72.92  parts  of  the  former  to  80.12 
parts  of  the  latter,  some  part  of  the  factor  in  excess  of  the  ratio  indicated 
will  be  left  over  unneutralized.  If  less  than  72.92  parts  of  the  hydrogen 
chloride  is  taken  to  80.12  parts  of  sodium  hydroxide,  some  sodium 
hydroxide  will  be  found  with  the  sodium  chloride.  If  more  than  72.92 
parts  of  hydrogen  chloride  is  taken  to  80,1  a  parts  of  sodium  hydroxide, 
the  amount  of  hydrogen  chloride  in  excess  of  72.92  parts  will  remain 
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unneutralized.  Plainly,  72.92  and  80.12  are  equivalents  of  hydrogen 
chloride  and  sodium  hydroxide  respectively.  Inasmuch,  however,  as 
hydrogen  chloride  is  easily  volatilized,  any  excess  of  it  over  the  equiva- 
lent is  not  permanently  retained  with  the  sodium  chloride  when  the 
mixture  is  evaporated.  It  is  easily  removed  at  the  temperature  of 
the  water-bath. 

Nitric  Acid  ^^^  ^®*  ^^  ^^^^  ^^^^  ^^®  relations  toward  sodium  hydrox- 

and Sodium  ide  of  another  member  of  the  group  of  "typical  acids." 

Hydroxide.  Nitric   acid,  a  liquid  soluble  in  water  and  volatile  when 

heated,  is  found  upon  analysis  to  have  the  following  composition : 

CoMPOsmoN  OF  Nftric  Acid 

Parts  by  Weight 

Hydrogen 2.02 

Oxygen 96.00 

Nitrogen 28.08 

Nitric  acid  •         .         .         .'        .         .126.10 

When  126.10  cgrm.  of  nitric  acid  and  80.12  cgrm.  of  sodium 
hydroxide  are  dissolved  separately  in  water,  the  solutions  mixed,  and 
the  mixture  evaporated,  water  is  removed,  and  a  new  substance  is  left 
which  has  neither  the  caustic  action  of  the  sodium  hydroxide  nor  the 
sharp  taste  of  nitric  acid.  Upon  analyzing  this  residue  we  find  it  to 
consist  of  sodium,  oxygen,  and  nitrogen  in  the  proportions  shown  below. 
It  is  sodium  nitrate, 

CoMPOsrriON  of  Sodium  Nftrate 

Parts  by  Weight 

Sodium 46.10 

Oxygen 96.00 

Nitrogen 28.08 

Sodium  Nitrate 170.18 

By  combining  the  figures  of  the  analyses  in  an  equation,  it  is  possible 
to  follow  the  course  of  action  when  nitric  acid  and  sodium  hydroxide 
interact  to  form  sodium  nitrate  and  water : 
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Nitric  Acid    +    Sodium  Hydroxide   =   Sodium  Nitrate    -f    Hydrogen  Oxide 


Parts  by  Weight 

Hydrogen    2.02 

Oxygen      96.00 

Nitrogen    28.08 

126.10 


Parts  by  Weight 

Sodium      46.10 

Oxygen      32.00 

Hydrogen    2.02 

80.12 


Parts  by  Weight 

Sodium     46.10 

Oxygen    96.00 

Nitrogen  28.08 

170.18 


Parts  by  Weight 

Hydrogen    2.02 

Oxygen     32.00 

Hydrogen    2.02 

36.04 


Neatralica- 
tion. 


Interactioii  //  appears  that  the  hydrogen  of  the  nitric  acid  has  been 

A  "d     d         replaced  by  the  sodium  of  the  sodium  hydroxide  and  that  the 
Sodium  exact  amount  of  hydrogen  replaced  in  the  nitric  acid  has 

Hydroxide,  combined  with  the  exact  amount  of  hydrogen  and  oxygen 
originally  in  the  sodium  hydroxide  to  form  water.  The  reaction  is  a 
metathesis  in  which  the  sodium  hydroxide  has  neutralized 
the  nitric  acid,  and  the  nitric  ^cid  has  neutralized  the 
sodium  hydroxide. 
Looking  now  once  more  to  the  ions,  or  parts  which  move,  it  appears 
that  the  hydrogen-ion  of  the  nitric  acid  changes  place  with  the  sodium- 
ion  of  the  sodium  hydroxide,  the  sodium-ion  of  the  sodium  hydroxide 
and  the  nitrogen-oxgyen-ion  of  the  nitric  acid  combining  to  form 
sodium  nitrate,  while  the  hydrogen-ion  of  the  nitric  acid  and  the 
hydrogen- oxygen-ion  of  the  sodium  hydroxide  combine  to  form  water. 
Upon  submitting  nitric  acid  to  electrolysis,  it  is  found  that  hydrogen 
appears  at  the  cathode;  it  is  a  positive  ion.  The  negative  nitrogen- 
oxygen-ion  moves  to  the  anode,  and  there,  entering  into  action  with 
water,  forms  nitric  acid  and  sets  free  oxygen. 

Nitric  acid  is  then  a  compound  of  hydrogen  containing  a  positive  hydro- 
gen-ion. In  the  process  in  which  nitric  acid  and  sodium  hydroxide  neu- 
tralize one  another y  the  positive  hydrogen-ion  of  the  nitric  acid  is  replaced 
by  the  positive  sodium-ion  of  the  sodium  hydroxide,  sodium  nitrate  and 
water  being  formed: 

Nitric  Acid       -|-       Sodium  Hydroxide  =  Sodium  Nitrate    +    Hydrogen  Oxide 

+  +  +  + 

Hydrogen-ion  Sodium-ion  Sodium-ion  Hydrogen-ion 

Nitrogen-oxygen-ion    Hydrogen-oxygen-ion      Nitrogen-oxygen-ion     Hydrogen-oxygen-ion 


Intoractioii 
of  Typical 
Acidawith 
Sodiam 
Hydroxide. 


When  we  investigate  the  relations  of  the  other  "  typical 
acids  "  to  sodium  hydroxide,  it  appears  that  in  every  case  the 
typical  acid  is  a  compound  of  hydrogen  containing  a  hydro- 
gen-ion which  is  positive  to  the  rest  of  the  compound,  and 
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that  in  interaction  with  sodium  hydroxide  the  positive  hydrogen-ion  and 
the  positive  sodium-ion  are  interchanged,  with  the  consequent  production 
of  a  compound  of  sodium  with  the  negative  ion  of  the  acid,  and  water. 


Sulphuric  Acid 
Hydrogen-ion 


-f    Sodium  Hydroxide 

+ 


Sodium-ion 
Sulphur-oxygen-ion    Hydrogeit^xygen-ion 


Sodium  Sulphate     -f   Hydrogen  Oxide 
Sodium-ion  HydrogenUon 

Sulphur-oxygen-ion        Hydrogcn^xyg'en>-4on 


Phosphoric  Acid  -f-  Sodium  Hydroxide  =  Sodium  Phosphate  -|-  Hydrogen  Oxide 

+  +  .  +  4- 

Hydrogen-ion  Sodium-ion  Sodium-ion  Hydrogen-ion 

Phosphorus-oxygcn-ion  Hydrogen-oxygen-ion        Phosphorus-oxygen-ion      Hydrogen-oxyptn-icn 


Carbonic  Acid    -f    Sodium  Hydroxide 

-f-  -f- 

Hydrogen-ioH  Sodium-ion 


Sodium  Carbonate  -)-  Hydrogen  Oxide 

+  + 

Sodium-ion  Hydrogen-ion 


Carbon-oxygen-ion    Hydrogen-oxygen-ion      Carbon-oxygen-ion         Hydrogen-oxygem-ion 


Interaction 
of  Typical 
Acids  and 
Potassium 
Hydroxide. 


Many  other  compounds  of  hydrogen  are  also  known  beside  those  which 
have  been  specifically  mentioned  as  typical  acids  y  all  of  whichy  containing  a 
hydrogen-ion  positive  to  the  rest  of  the  compound  and  able  to  exchange  it  for 
the  sodium  of  sodium  hydroxide y  are  to  be  placed  in  the  category  of  acids. 

Turning  now  to  potassium  hydroxide,  which  at  the  outset 
we  classed  with  sodium  hydroxide,  we  find  that,  like  sodium 
hydroxide,  it  contains  a  positive  metal  ion,  while  the  hy- 
drogen is  a  part  of  a  negative  hydrogen-oxygen-ion,  and 
that  it  reacts  with  the  typical  acids  in  the  manner  in  which 
we  have  seen  sodium  hydroxide  react.  The  reaction  of  potassium 
hydroxide  with  hydrochloric  acid,  for  example,  consists  in  the 
replacement  of  the  hydrogen  of  the  hydrochloric  acid  by  the  potassium 
of  the  potassium  hydroxide,  or,*  in  other  words,  of  the  interchange  of  the 
positive  hydrogen-ion  and  the  positive  potassium-ion,  with  the  formation 
of  potassium  chloride  and  water,  as  shown  in  the  following  equation  in 
which  both  the  parts  by  weight  and  the  ions  are  given  : 

Hydrogen  Chloride  +  Potassium  Hydroxide  =  Potassium  Chloride  -f  Hydrogen  Oxide 


Parts  by  Weight 

-|-  Hydrogen    2.02 
—  Chlorine    70.90 


72.93 


Parts  by  Weight 

-f  Potassium  78.30 

J  Oxyj^en      32.00 

\  Hydrogen    2.02 

112.32 


Parts  by  Weight 

-{-Potassium  78.30 
—Chlorine     70.90 


149.2Q 


Parts  by  Weight 
-f-  Hydrogen    2,02 
__  f  Oxygen      32.00 
\  Hydrogen    2.0J 
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So  also  when  potassium  hydroxide  and  nitric  acid  react  we 
have  a  replacement  of  the  hydrogen  of  the  nitric  acid  by  the  potassium 
of  the  potassium  hydroxide,  or  an  interchange  of  the  positive  hydrogen- 
ion  and  the  positive  potassium-ion,  with  formation  of  potassium  nitrate 
and  water,  as  shown  in  the  equation : 

Nitric  Acid  -f  Potassium  Hydroxide  =  Potassium  Nitrate  -f  Hydrogen  Oxide 

Parts  by  Weight  Parts  by  Weight  Parts  by  Weight  Parts  by  Weight 

■\- Hydrogen    2.0a       +  Potassium  78.30       -f  Potassium  78.30       +  Hydrogen    2.02 


f  Oxygen     96.00        (  Oxygen      32.00 


Oxygen      96.00       J  Oxygen     32.00 


[Nitrogen   28.08       \ Hydrogen     2.02        [Nitrogen    28.08       \ Hydrogen    2.02 
126.10  112.32  202.38  36.04 

Pushing  further  the  investigation  of  the  relations  of  the  other  typical 
acids  to  potassium  hydroxide,  we  find  that  in  every  case  the  positive 
hydrogen-ion  of  the  acid  changes  place  with  the  positive  potassium-ion  of 
the  potassium  hydroxide,  with  the  production  of  a  compound  containing 
potassium  and  the  negative  ion  of  the  acid,  and  the  formation  of  water. 
Basic  It    appears,   therefore,    that    potassium    hydroxide    and 

Hydroxides,  sodium  hydroxide  enter  individually  into  many  reactions 
with  typical  acids  in  the  course  of  which  many  compounds  are  formed 
all  of  which  contain  potassium  or  sodium.  Potassium  hydroxide  is  said 
to  be  the  base  of  the  potassium  compounds  thus  formed,  and  sodium  hy- 
droxide is  the  base  of  the  sodium  compounds ;  sometimes  we  speak  of 
them  as  basic  hydroxides. 

Certain  other  hydroxides  more  or  less  resembling  sodium 
Zinc  HvdfoZ' 
ide  and  hydroxide  and  potassium  hydroxide,  and  capable  of  neutral- 

Alamlnittm  izing  the  typical  acids,  are  also  classed  as  bases  or  basic 
^  ^'  hydroxides.  Zinc  hydroxide  and  aluminium  hydrox- 
ide, for  example,  are  such  hydroxides.*  Though  insoluble  in  water,  not 
at  all  caustic,  and  in  many  ways  inert,  they  are  capable  of  neutralizing 
the  typical  acids,  and  are  therefore  classed  as  bases  toward  these  acids. 

Hydrogen  Chloride  +  Zinc  Hydroxide  =  Zinc  Chloride  +  Hydrogen  Oxide 
Hydrogen  Chloride  4- Aluminium  Hydroxide  =  Aluminium  Chloride  +  Hydrogen  Oxide 

liiten«tiofl         As  we  go  on  we  find  that  certain  oxides,  which  correspond 

SL?^"*^   -       to  the  basic  hydroxides  and  consist  of  a  positive  metal  ion 

Oxide  And 

Hydrogen       combined  with  a  negative  oxygen-ion,  are  also,  like  the 

CUoxldt.        basic    hydroxides^   capable    of  neutralizing   typical   acids, 
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replacing  positive  hydrogen-ions  of  the  acids  by  other  positive  ions,  "with 
formation  of  a  new  compound  and  water.  In  the  following  equations 
are  compared  the  processes  of  neutralizing  hydrochloric  acid  by 
zinc  hydroxide  and  by  zinc  oxide: 


Hydrogen  Chloride 

Parts  by  Weight 
-f  Hydrogen    2.02 
—  Chlorine    70.90 


72.92 


Hydrogen  Chloride 

Parts  by  Weight 

4-  Hydrogen    2.02 
—  Chlorine    70.90 

'  72.92 


4-    Zinc  Hydroxide 
Parts  by  Weight 

+Zinc  65.40 

Oxygen      32.00 

Hydrogen    2.02 

9942 

+     Zinc  Oxide       = 
Parts  by  Weight 

-fZinc       65.40 

^Oxygen  16.00 

8140 


=    Zinc  Chloride     +     Hydrogen  Oxide 


Parts  by  Weight 

-fZinc         65.40 
—Chlorine  70.90 


136.30 

Zinc  Chloride 
Parts  by  Weight 

+  Zinc         65.40 
—Chlorine  70.90 

136.30 


-f 


Parts  by  Weight 

+  Hydrogen  2.02 
J  Oxygen  32.00 
\  Hydrogen     2.02 

36.04 

Hydrogen  Oxide 
Parts  by  Weight 

+  Hydrogen    2-02 

—  Oxygen      1 6.00 

18^2 


Naturally  the  amount  of  water  formed  when  the  hydroxide  is  used 
for  the  neutralization  is  greater  than  that  produced  when  the  oxide  is 
used.  In  the  latter  case  all  the  hydrogen  going  into  the  water  comes 
from  the  acid. 

Basic  -2/'^^  oxide^  like  zinc  hydroxide^  is  the  base  of  zinc  chloride. 

Oxides.  Those  oxides  of  metals,  which,  like  the  corresponding  hydrox- 

ides, are  capable  of  neutralizing  acids  we  call  bases  also  ;  sometimes  ive 
speak  of  them  as  basic  oxides. 

Acidic  ^^  ^^^  other  hand,  the  oxides  of  many  non-metals,  such 

Oxides.  as  the  oxides  of  nitrogen,  sulphur,  phosphoms,  and  carbon, 

which  combine  with  water  to  form  acidic  hydroxides,  are  called  acid-form- 
oxides,  or  acidic  oxides. 

To  fix  our  ideas  it  will  be  weM  at  the  present  stage  to  lay  down  in 
summary  exactly  what  we  mean  by  the  general  terms  acid  and  base. 
An  acid  is  a  compound  containing  a  hydrogen-ion  which  is  positii^e  tmvard 
the  rest  of  the  compound ;  a  base  is  a  hydroxide  or  oxide  which  is 
capable  of  replacing  the  positive  hydrogen-ion  of  an  acid  by  some  other 
positive  ion,  forming  a  new  compound. 

So  long  as  we  confine  our  attention  to  the  reactions  which 

of  Hydrogen    ^^^^  place  between  typical  acids  on  the  one  hand  and  bases 

Chloride  and   on  the  other,  the  category  of  typical  acids  and  the  cate- 

^    ^    ^  '    gory  of  bases  seem  to  be  distinctly  set  off  from  one  another ; 
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but  when  we  enter  upon  a  study  of  the  relations  which  may  exist 
between  two  members  of  the  same  category  the  aspect  of  the  matter 
begins  to  change.  Take,  for  example,  an  examination  of  the  mutual 
relation  of  two  very  characteristic  typical  acids,  hydrochloric  acid  and 
nitric  acid.  When  hydrochloric  acid,  or  hydrogen  chloride,  and  nitric 
acid  are  mixed  and  gently  heated  a  reaction  takes  place,  in  which  the 
positive  hydrogen-ion  of  the  hydrogen  chloride  combines  with  a  hydro- 
gen-oxygen-ion to  form  water,  while  a  nitrogen-oxygen-ion  of  the  nitric 
acid  combines  with  the  negative  chlorine-ion  to  form  a  compound  of 
nitrogen,  oxygen,  and  chlorine. 

Hydrogen  Chloride     +    Nitric  Acid  =  Nitrogen-oxygen -chloride  -f  Hydrogen  Oxide 


Parts  by  Weight 

-f  Ilydri^en    2.02 
—  Chlorine    70.90 


72.92 


Parts  by  Weight 

r  Hydrogen  2.02 
I  Oxygen  32.00 
[  Nitrogen  28.08 
L  Oxygen     64.00 

126.10 


Parts  by  Weight 

r  Nitrogen  28.08 

I  Oxygen    64.00 

—  Chlorine  70.90 


Parts  by  Weight 

+  Hydrogen    2.02 

r  Oxygen      32.00 

\  Hydrogen    2.02 


162.98 


36.04 


In  this  reaction  the  nitric  acid  breaks  up  into  ions  which  are  different 
from  those  which  are  noted  when  the  nitric  acid  and  sodium  hydroxide 
enter  into  action.  Now  we  have  a  negative  hydrogen-oxygen-ion  sepa- 
rating to  combine  with  the  positive  hydrogen-ion  of  the  hydrogen 
chloride,  while  a  nitrogen- oxygen-ion,  containing  less  oxygen  than  the 
nitrogen-oxygen-ion  which  forms  sodium  nitrate  with  the.  sodium-ion, 
acts  as  a  positive  ion  and  combines  with  the  negative  chlorine-ion.  //  is 
plain  that  the  nitric  acid,  typical  acid  though  it  is,  is  acting  like  a  base 
totvard  the  hydrogen  chlonde.  The  nitrogen -oxygen  chloride  is  a  very 
unstable  compound,  decomposed  at  once  with  formation  of  hydrogen 
chloride  and  nitric  acid  by  the  hydrolytic  action  of  any  considerable 
amount  of  water. 

In  like  manner  we  find  that  certain  bases  may  act  as  acids 
toward  other  bases.  Zinc  hydroxide,  as  we  have  seen,  is  a 
base  to  the  typical  acids,  furnishing  a  positive  zinc-ion  and 
a  negative  hydrogen-oxygen-ion.  Sodium  hydroxide,  a  base, 
will,  however,  act  up>on  the  less  active  insoluble  zinc  hydrox- 
ide with  formation  of  sodium  zincate  and  water,  the  positive  sodium-ion 
combining  with  a  negative  zinc-oxygen-ion,  while  the  negative  hydro- 


Interaction 
of  Zinc 
Hydroxide 
and  Sodiam 
Hydroxide. 
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gen-oxygen-ion  of  the  sodium  hydroxide  combines  with  a  positive 
hydrogen-ion  of  the  zinc  hydroxide  to  form  water.  The  zinc  hydroxide 
plays  the  part  of  an  acid  to  the  sodium  ^hydroxide. 

Sodium  Hydroxide  +     Zinc  Hydroxide  =  Sodium  Zincate  +     Hydrogen  Oxide 

+  +  +  + 

Sodium-ion  Hydrogen-ion  Sodium-ion  Hydrogenr-ion 

Hydrogen-oxygen' ion     Zinc-oxygen-ion       Zinc-oxygen-ion        Hydrogen-oxygen- ion 

Acidity  and  So  it  appears  that  some  acids  may  act  like  bases  toward 
Basicity.  other  strong  acids ^  and  that  certain  bases  may  act  like  acids 
toward  other  strong  bases.  As  a  general  thing  the  hydroxides  of  the 
non-metals  are  acids,  since  they  act  readily  upon  hydroxides  of  metals 
like  those  of  sodium  and  potassium,  and  with  difficulty  or  not  at  all 
upon  hydroxides  of  non-metals,  like  nitric  acid  and  sulphuric  acid. 
The  low  hydroxides  of  metals  are  generally  bases.  Thus,  such  hydrox- 
ides, which  contain  a  relatively  lower  amount  of  oxygen  and  hydrogen 
than  is  contained  in  other  hydroxides  of  the  same  element,  interact 
more  readily  with  the  typical  acids  than  with  the  strong  basic  hydroxides, 
while  some  elements  which  form  basic  hydroxides  also  form  higher 
hydroxides  in  which  the  basic  tendency  is  less  pronounced,  or  which 
must  even  be  classed  generally  among  the  acids.  As  a  rule,  the  loiver 
oxides  of  the  metals  are  basic  oxides,  while  the  higher  oxides  of  the  metals^ 
like  oxides  of  the  non-metals,  may  be  acidic  oxides. 

We  have  seen  that  when  hydrochloric  acid  and  sodium 

Salts. 

hydroxide  neutralize  one  another,  sodium  chloride,  or  com- 
mon salt,  is  the  product.  All  those  substances  which^  like  common  sti/t, 
result  when  an  acid  is  neutralized  by  a  base,  and  a  base  by  an  acid,  are 
called  salts.  Sodium  chloride,  sodium  nitrate,  potassium  chloride, 
potassium  nitrate,  and  the  other  products  of  the  mutual  neutralization 
of  the  acids  and  bases  are  salts. 

The  salts  which  we  have  thus  far  studied  have  been  made  by  the 
action  of  acids  upon  basic  hydroxides  or  basic  oxides.  As  we  proceed 
with  our  investigation  we  find  that  a  salt  may  likewise  result  from  the 
action  pf  a  suitable  acid  upon  a  suitable  metal,  by  the  action  of  an  acidic 
oxide  ui)on  a  basic  hydroxide,  or  by  the  interaction  of  an  acidic  oxide 
and  a  basic  oxide. 

As  an  example  of  processes  in  which  a  salt  is  formed  by  the  action 
of  an  acid  upon  a  metal,  we  may  take  the  experiment  in  which  we  made 
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hydrogen  by  the  action  of  magnesium  upon  sulphuric  acid. 
When  24.36  cgrm.  of  magnesium  act  upon  98.08  cgrm. 
of  sulphuric  acid,  diluted  suitably  with  water,  2.02  cgrm. 
of  hydrogen  are  set  free  and  120.42  cgrm.  of  magnesium 
sulphate  may  be  got  from  the  solution  upon  evaporating  the 
water,  as  is  shown  in  the  following  equation  : 


Interaction 

of 

Hagnosium 

and 

Sulphoxic 

Acid. 


Magnesium       +       Sulphuric  Acid  =  Magne&ium  Sulphate     +     Hydrogen 


Paris  by  Weight 

Magnesium  24.36 


24.36 


Parts  by  Weight 

Hydrogen  2.02 
Oxygen  64.00 
Sulphur      32.06  ' 

98.08 


Parts  by  Weight 

Magnesium  24.36 
Oxygen  64.00 
Sulphur       32.06 

12042 


Parts  by  Weight 
Hydrogen  2.02 


2.02 


It  is  evident  that  the  magnesium  has  replaced  the  hydrogen  of  the 
sulphuric  acid  to  form  magnesium  sulphate,  while  the  replaced  hydro- 
gen is  evolved.  In  general,  when  a  metal  reacts  with  an  acid,  the 
metal  replaces  hydrogen  in  the  acid  to  form  a  salt,  and  the  replaced 
hydrogen,  unless  something  is  present  upon  which  it  can  act  further,  is 
liberated. 

The  action  of  the  carbon  dioxide  upon  calcium  hydroxide 
or  calcium  oxide  to  form  calcium  carbonate  serves  to  illus- 
trate the  action  of  acidic  oxides  upon  bases. 

The  action  of  carbon  dioxide  upon  calcium  hy- 
droxide is  shown  in  the  equation: 


Interaction 
of  CaiboB 
Dioxide  and 
Calcinm 
Hydxoizide. 


Calcinm  Hydroxide  -I-  Carbon  Dioxide  =  Calcium  Carbonate  -h  Hydrogen  Oxide 


Parts  by  Weight 

Calcium     40.10 

Oxygen      32.00 

Hydrogen    2.03 

74.1a 


Parts  by  Weight 

Carbon  12.00 
Oxygen  32.00 


44.00 


Parts  by  Weight 

Calcium  40.10 

Carbon    12.00 

Oxygen  48.00 

100.10 


Parts  by  Weight 

Hydrogen    2.02 
Oxygen      16.00 


18.02 


Interaction 
of  Calcinm 
Oxide  and 
Carbon 
Dioxlte. 


When  calcium  oxide  is  heated  in  presence  of  gaseous 
carbon  dioxide  under  pressure,  calcium  carbonate  is 
formed,  and  this  process  typifies  the  production  of  salt  by 
the  interaction  of  an  acidic  oxide  with  a  basic  oxide. 
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Calcium  Oxide  +  Carbon  Dioxide  =  Calcium  Carbonate 

Parts  by  Weight  Parts  by  Weight  Parts  by  Weight 

Calcium  40,10  Carbon  12.00  Calcium  40.10 

Oxygen  16.00  Oxygen  32.00  Oxygen  4&xxi 

Carbon   12.00 


56.10  44.00  100.10 

It  appears,  therefore,  that  sa/ts  may  be  formed  by  the  interaction  of 

an  acid  with  a  basic  hydroxide^  a  basic  oxide,  or  a  metal;  or  they  may 

be  formed  by  the  interaction  of  an  acidic  oxide  with  a  basic  hydroxide 

or  a  basic  oxide. 

From  a  given  salt  it-  is,  moreover,  sometimes  possible  to 

Interaction      forfu  a  new  salt  by  metathesis  with  an  acid,  base,  or  another 

of  Salts  •'  -^ 

and  Acids;     salt.     Thus  from  the  salt  barium  nitrate  and   the   acid 

Salts  and  sulphuric  acid  the  new  salt,  barium  sulphate,  is  fornoed 
and  Salts.  while  nitric  acid  is  also  produced;  and  from  the  salt 
sodium  carbonate  and  the  base  barium  hydroxide  a 
new  salt,  barium  carbonate,  and  the  base  sodium  hydroxide  are  pro- 
duced;  and  from  the  two  salts  silver  nitrate  and  sodium  chloride 
are  formed  the  two  new  salts,  silver  chloride  and  sodium  nitrate. 

Barium  Nitrate     +    Sulphuric  Acid     =  Barium  Sulphate  +         Nitric  Acid 
Sodium  Carbonate  +  Barium  Hydroxide  =  Barium  Carbonate  +  Sodium  Hydroxide 
Silver  Nitrate      -f  Sodium  Chloride   =    Silver  Chloride    +  Sodium  Nitrate 

Neutral  Now  let  us  turn  our  attention  more  particularly  to  the 

Salts.  composition  of  salts,  taking  up  first  the  case  of  those  salts 

which  are  formed  when  a  basic  hydroxide  and  an  acidic  hydroxide 
interact.  When  72.92  cgrm.  of  hydrogen  chloride  and  80.12  cgrm.  of 
sodium  hydroxide  neutralize  one  another  the  sodium  chloride  which  is 
formed  contains,  as  we  have  seen,  no  hydrogen.  Similarly,  'when 
126.10  cgrm.  of  nitric  acid  and  80.12  cgrm.  of  sodium  hydroxide  enter 
into  action,  the  sodium  nitrate  formed  contains  no  hydrogen.  It  is  plain 
that  all  the  hydrogen  in  each  of  these  acids  is  replaceable  by  the  action 
of  the  base,  and  has  been  replaced  from  each  of  these  acids  in  the 
process  of  neutralization.  It  is  also  obvious  that  all  the  hydrogen- 
oxygen-ion  of  the  base  is  replaceable  by  the  action  of  the  acid,  and  has 
been  so  replaced  in  the  process  of  neutralization.  The  salt  which  is 
formed  as  a  product  of  neutralization,  containing  neither  positive  hydro- 
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gen-ion  nor  negative  hydrogen-oxygen-ion,  we  call  a  neutral  salt.  So 
also  salts  formed  in  other  ways  than  by  the  neutralization  of  an  acid  and 
a  basic  hydroxide,  and  which  do  not  contain  a  positive  hydrogen-ion,  or 
a  negative  hydrogen- oxygen-ion,  are  neutral  salts.  A  salt,  however 
formed,  which  contains  neither  a  positive  hydrogen-ion  nor  a  negative 
hydrogen-oxygen-ion  is  a  neutral  salt. 

Acetic  Add.  ^^  ^^®  ^^^  ^^  certain  acids,  however,  we  find,  upon  mak- 
ing the  experiment,  that  hot  all  the  hydrogen  of  the  acid  is 
replaceable  by  the  action  of  a  base.  Thus,  when  80. 1 2  cgrm.  of  so d  i u  m 
hydroxide  are  neutralized  by  120.06  cgrm.  of  acetic  acid,  water  and 
sodium  acetate  are  formed. 

Sodium  Hydroxide  +  Acetic  Acid  =  Sodium  Acetate  +  Hydrogen  Oxide 

The  sodium  acetate  still  contains  three  fourths  of  the  hydrogen  of  the 
original  acetic  acid,  but  inasmuch  as  no  further  replacement  of  hydrogen 
in  sodium  acetate  takes  place  when  more  sodium  hydroxide  is  added  to 
sodium  acetate,  it  is  plain  that  we  must  regard  three  fourths  of  the  hy- 
drogen of  acetic  acid  as  unreplaceable  hydrogen.  In  fact,  investigation 
shows  that  acetic  acid  is  a  hydroxide  containing  carbon,  hydrogen,  and 
oxygen  in  such  relation  that  only  one  fourth  of  the  hydrogen  constitutes 
the  positive  hydrogen-ion  and  can  be  replaced  by  the  action  of  a  base, 
and  that  when  one  fourth  of  the  hydrogen  has  been  replaced,  the  acetic 
acid  has  been  completely  neutralized. 

So  also  in  the  case  of  certain  basic  hydroxides,  not  all  the 

Hv^zidir     hy^^'ogen  is  replaceable  by  the  action  of  an  acid.    Thus, 

when  70.18  cgrm.  of  ammonium  hydroxide  are  acted 

up>on  by  72.92  cgrm.  of  hydrogen  chloride,  water  and  ammonium 

chloride  are  formed. 

Ammonium  Hydroxide  -f-  Hydrogen  Chloride 

=  Ammonium  Chloride  +  Hydrogen  Oxide 

The  ammonium  chloride  still  contains  four  fifths  of  the  hydrogen  of  the 
original  ammonium  hydroxide,  but  inasmuch  as  no  further  replacement 
of  hydrogen  takes  place  when  ammonium  chloride  is  treated  with  more 
hydrogen  chloride,  we  must  consider  four  fifths  of  the  hydrogen  in  ammo- 
nium hydroxide  as  unreplaceable  by  the  action  of  an  acid.  The  one 
fifth  of  replaceable  hydrogen  is  a  constituent  of  the  negative  hydro- 
gen-oxygen-ion, and  when  this  has  been  replaced  by  the  action  of  the 
acid,  the  ammonium  hydroxide  has  been  completely  neutralized. 

In  our  consideration  of  the  acids  we  have  to  distinguish  in  some 
cases,  therefore,  between  the  positive  hydrogen-ion  which  is  replaceable 


I20 


OUTLINES  OF  INORGANIC  CHEMISTRY 


and  hydrogen  which  is  a  constituent  of  the  negative  ion  and  not  replace- 
able in  the  process  of  neutralization ;  in  studying  basic  hydroxides,  we 
must  note  in  some  cases  the  distinction  between  hydrogen  which  is 
replaceable  in  the  process  of  neutralization,  and  so  a  part  of  the  nega- 
tive hydrogen-oxygen-ion,  and  hydrogen  which  is  a  part  of  the  positive 
ion  and  unreplaceable  in  neutralization. 


Addk  Salts. 


Some  acids,  however,  are  capable  of  interacting  with  bases 
in  such  proportions  that  only  definite  portions  of  the  re- 
placeable hydrogen  of  the  acid  are  replaced  in  the  formation  of  salts. 
Such  action  as  this  can  only  take  place  when  the  proportion  of  base  to 
acid  is  less  than  that  necessary  to  effect  complete  neutralization  of  the 
acid.  Sulphuric  acid  is  an  acid  capable  of  reacting  with  a  base  in  such 
manner  that  either  the  whole  of  its  replaceable  hydrogen  or  only  half 
of  its  replaceable  hydrogen,  according  to  the  available  proportion  of  base, 
may  be  replaced.  Thus  when  112.32  cgrm.  of  potassium  hydrox- 
ide and  98.08  cgrm.  of  sulphuric  acid  interact,  all  of  the  replaceable 
hydrogen  of  the  sulphuric  acid  is  replaced  by  potassium,  with  the  forma- 
tion of  a  solution  from  which  1 74.36  cgrm.  of  potassium  sulphate  may 
be  obtained  by  evaporation.  Potassium  sulphate  contains  no  hydrogen 
and  is  a  neutral  salt;  we  call  it  '*  neutral  potassium  sulphate." 


Potassium  Hydroxide  -f-   Sulphuric  Acid  =  Potassium  Sulphate  +  Hydrogen  Oxide 

Parts  by  Weight  Parts  by  Weight  Parts  by  Weight  Parts  by  Weight 

-f- Potassium  78.30      -\- Hydrogen     2.02      +  Potassium  78.30      •\- Hydrogen     2,02 

_  r  Oxygen      32.00  _  f  Oxygen       64.00  _  J  Oxygen      64.00       J  Oxygen      32.00 

\  Hydrogen     2.02       |^  Sulphur      32.06       \  Sulphur     32.06       \  Hydrogen     2.02 


112.32 


98.08 


174.36 


36.CM 


When  we  act  with  twice  as  much  sulphuric  acid  upon 
the  same  amount  of  potassium  hydroxide  as  before, 
we  find  that  a  definite  change  takes  place  in  this  case  also, 
and  the  solution  when  evaporated  leaves  272.44  cgrm.  of 
potassium  hydrogen  sulphate^  which  contains  half  the  replace- 
able hydrogen  originally  present  in  the  sulphuric  acid.  It  is  an  acidic 
salty  and  is  called  "  acidic  potassium  sulphate." 


Composition 

of 

Potassium 

Hydrogen 

Sulphate. 


Potassium  Hydroxide  +  Sulphuric  Acid  =  - 


Potassium  Hy-  1 
^  drogen  Sulphate  J 


+  Hydrogen  Qnde 
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Pftru  by  Weight  ParU  by  Weight  Parts  by  Weight  Parts  by  Weight 

+ Potassium  78.30      '\' Hydrogen     4.04      +  Potassium  78.30      •\' Hydrogen    2X>2 

Oxygen      32.00 


J  Oxygen      32.00      J  Oxygen     128.00 
\  Hydrogen     2.02       [Sulphur      64.12  —  ^ 


Hydrogen    2.02 

Oxygen    128.00      \  Hydrogen    2.02 
Sulphur     64.12 
112.32  196.16  27244  36.04 

If  now  the  272.44  cgrm.  of  the  acidic  potassium  hydrogen  sul- 
phate are  treated  with  112.32  cgrm.  of  potassium  hydroxide  equal 
to  the  amount  employed  in  forming  that  salt,  348.73  cgrm.  of  neutral 
potassium  sulphate  are  formed,  together  with  water. 

«         .       XT    ,      .^    .    f Potassium    Hy-]      _  «  ,  ,  ,»    ,  ^  ., 

Potassium  Hydroxide -f  {-.  q  1  1,  t   ^  =  Potassium  Sulphate -f  Hydrogen  Oxide 

Pans  by  Weight  Parts  by  Weight  Parts  by  Weight  Parts  by  Weight 

+  Potassium  78.30      4  Potassium    78.30  +  Potassium  156.60  -\- Hydrogen    2.02 

J  Oxygen      32.00        f  Hydrogen      2.02  j  Oxygen      128.00  J  Oxygen   32.00 

[^Hydrogen    2.02  — -j  Oxygen      128.00  (^  Sulphur       64.12  [^Hydrogen 2,02 

I  Sulphur       64.12 

112.32                            272.44  «  348.72  36.04 

Similar  to  the  neutral  and  acidic  potassium  sulphates,  we  have  the 
neutral  sodium  sulphate  and  the  acidic  sodium  hydrogen  sulphate,  and 
these  potassium  and  sodium  salts  are  typical  of  neutral  and  acidic  sul- 
phates in  general.  Moreover,  other  acids,  such  as  phosphoric  acid  and 
carbonic  acid,  are  capable  of  forming  both  neutral  and  acidic  salts. 
Acidic  salts  containing  a  replaceable  hydrogen- ion  may  also  be  formed 
by  the  interaction  of  an  acid  and  a  basic  oxide,  or  a  metal.  A  salt, 
however  formed,  whith  contains  a  positive  hydrogen-ion  replaceable  by 
action  of  a  base  is  an  acidic  salt. 

On  the  other  hand,  certain  salts  formed  by  acting  upon  a 
basic  hydroxide  with  an  amount  of  acid  insufficient  to  effect 
the  complete  neutralization  of  the  base  are  known  as  basic  salts.  It  is, 
however,  more  practicable  to  get  such  salts  by  a  partial  reversal  of  the 
process  of  complete  neutralization  rather  than  by  attempting  to  partially 
neutralize  a  base  by  an  acid.  In  the  process  of  neutralization  of  a  base 
by  an  acid  water  is  formed,  and  in  certain  cases  under  certain  conditions, 
it  is  possible  by  increasing  the  mass  of  the  water  present  to  effect  a  re- 
versal of  the  process  of  neutralization  by  the  hydrolytic  action  of  the 
water.     In  the  present  state  of  our  general  information  about  substances 
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it  will  be  more  convenient  to  adopt,  for  purposes  of  illustration,  this 

plan  of  making  a  basic  salt  by  reversal  of  the  process  of  neutralization. 

Compoaitioii        Bismuth  nitrate,  a  colorless  neutral  salt,  has  the  composi- 

of  Bismoth      ^jqq  . 

Nitrate. 

CoMPOsmoN  OF  Bismuth  NrrRAXE 


Parts  by  weight 


Bismuth 

Nitrogen 

Oxygen 


417.00 

84.24 

288.00 

789.24 


Interaction 
of  Bismuth 
Nitrate  and 
Water. 


When  bismuth  nitrate  is  put  into  a  convenient  volume 
of  water,  the  action  of  the  water  results  in  forming  some 
nitric  acid  and  a  new  substance.  This  substance,  which 
is  insoluble  in  water,  contains  less  nitrogen  and  oxygen  than 

was  contained  in  the  neutral  bismuth  nitrate,  but  contains   hydrogen 

evidently  derived  from  the  water ;  we  call  it  bismuth  hydroxynitrate ; 

it  is  a  basic  salt.     We  find  that  the  following  equation  expresses  the 

reaction  under  certain  definite  conditions  : 


Bismuth  Nitrate  +  Hydrogen  Oxide  =  Bismuth  Hydroxynitrate  +  Nitric  Acid 

Parts  hf  Weicbc 
+  Hydrogen       4x4 


Parts  by  Weight 

+  Bismuth  4x7.00 

__  J  Nitrogen    a8.o8 

i^  Oxygen      96.00 

__  f  Nitrogen   56.16 

(^  Oxygen    192.00 

789^24 


Parts  by  Weight 

-  -  Hydrogen  4.04 
Oxygen  64.00 
Hydrogen     4.04 


72.08 


Parts  by  Weight 

+  Bismuth  417.00 
I  Nitrogen  28.08 
1  Oxygen  96.00 
f  Oxygen  64.00 
1,  Hydrogen  4.04 
609.12 


•( 


^  Nitrogen      56. lO 


t.  Oxygen       X92J00 


asa-ao 


In  this  hydrolytic  action  of  water  some  negative  nitrogen-oxygen-ions  of 
the  bismuth  nitrate  are  replaced  by  negative  hydrogen-oxygen-ions  of 
water,  and  combine  with  positive  hydrogen-ions  of  water  to  make  nitric 
acid ;  and  an  insoluble  basic  salt,  partly  nitrate  and  partly  hydroxide, 
and  called  bismuth  hydroxjrnitrate  is  formed.  The  basic  bismuth 
nitrate,  formed  in  the  manner  described,  contains  hydrogen-oxygen -ions 
replaceable  by  nitric  acid  when  used  in  quantity  sufficient  to  over- 
balance the  hydrolytic  action  of  the  great  mass  of  water.  When  we  add 
to  the  liquid  containing  the  insoluble  basic  bismuth  hydrox3mitTate  in 
suspension  a  suitable  amount  of  nitric  acid,  a  clear  solution  is  obtained. 
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Bismuth  hydroxy  nitrate  stands  as  a  type  of  many  basic  salts  the 
characteristic  of  which  is  that  they  contain  hydrogen-oxygen-ions  and 
may  be  further  neutralized  by  the  action  of  acids.  A  salt,  however 
formed,  which  contains  a  negative  hydrogen-oxygen- ion  replace€d)le  by  the 
action  of  an  acid  is  called  a  basic  salt. 

Proportion-  ^^  ^^  evident  that  the  neutral  salt  formed  by  the  interac- 
ate  Composi*  tion  of  an  acid  and  a  base  contains  in  the  complex,  consist- 
tionof  ing  of  a  characteristic  negative  ion  of  the  acid  and  the 

Neutral,  characteristic  positive  ion  of  the  base,  enough  oxygen  to 

rT^sS^^     '^"^  ^  basic  oxide  and  an  acidic  oxide  with  both  these  ions. 

**^  *  For  example,  calcium  carbonate,  —  a  neutral  salt,  the  forma- 
tion of  which  we  have  studied,  —  consists  of  calcium,  carbon,  and  oxygen 
in  the  exact  proportions  to  produce  calcium  oxide  and  carbon  diox- 
ide, from  which  oxides,  we  have  seen,  calcium  carbonate  may  be 
formed.  Similarly,  it  will  be  found  upon  investigation  that  many  neu- 
tral salts  contain  their  elementary  constituents  in  the  proportions  to  form 
an  acidic  oxide  and  a  basic  oxide,  and  in  many  instances  such  salts  may 
be  decomposed  into  these  two  oxides  by  suitable  means. 

In  acidic  salts  the  proportion  of  the  acidic  oxide  to  the  basic  oxide  is 
greater  than  in  the  corresponding  neutral  salts,  and  in  basic  salts  the 
proportion  of  the  basic  oxide  to  the  acidic  oxide  is  greater  than  the 
corresponding  neutral  salts. 

Thus,  in  the  acidic  potassium  hydrogen  sulphate  and  the  neutral 
p>otassium  sulphate  we  have  the  equivalent  proportions  of  the  basic 
oxide  and  acidic  oxide  shown  in  the  following  figures : 


Potassium  Hydrogen 
Sulphate 

(Acidic  Salt) 

Potassium  Sulphate 
(Neutral  Salt) 

Parts  by  Weight 

Parte  by  Weight 

-.  ^      .            .,    f  Potassium 
Potassium  oxide  \  ^ 

I  Oxygen 

78.30 
16.00 

94-30 

94.30 

94.30 

Sulphur  trioxide  \  ^ 

L  Oxygen 

32.06 
48.00 

160.12 

(2  X  80.06) 

80.06 

" 

80.06 

,»    .               .,    f  Hydrogen 
Hydrogen  oxide  |  ^^^^ 

2.02 
16.00 
18.02 

18.02 

272.44 

174.36 
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The  proportions  of  the  basic  oxide  to  the  acidic  oxide  in  basic  bismuth 
hydroxynitrate  and  neutral  bismuth  nitrate  are  also  shown :  — 


1 

Bismuth  Hydroxy- 
nitrate 

(Basic  Salt) 

Bismuth  NmtATs 
(Neutral  Salt) 

Parts  by  Weight 

Parts  by  ^Veight 

Bismuth  oxide 
Nitrogen  pcntoxide 
Hydrogen  oxide 

'  Bismuth 
t  Oxygen 

Nitrogen 
.  Oxygen 

'  Hydrogen 
Oxygen 

417.00 

48.00 

465.00 

28.08 

80.00 

108.08 

2.02 
16.00 
18.02 

465.00 

108.08 

36.04 

(2  X  18.02) 

609.12 

465.00 
324.24. 

(3  X  io8x>8) 

789.24. 

Hydroxy-  Since  acidic  salts  and  basic  salts  contain  hydrogen  and 

salts,  oxygen  in  the  proportions  to  form  water,  such  salts   are 

Oxysalts.  sometimes  called  hydroxysalts.  From  such  hydroxysalts, 
either  acidic  or  basic,  oxysalts  may  be  derived  by  separation  of  ivater. 
Thus,  by  the  removal  of  water  from  acidic  potassium  hydrogen  sul- 
phate by  heat,  potassium  disulphaie,  an  oxysalt,  is  formed,  and  by 
removing  the  water  from  basic  bismuth  hydroxynitrate  a  bismuth 
oxynitrate  would  be  formed.  An  inspection  of  the  figures  of  analysis 
given  above  shows  that  these  oxysalts  contain  the  basic  oxide  and  acidic 
oxide  in  the  same  proportions  in  which  they  existed  in  the  acidic 
potassium  sulphate  and  basic  bismuth  nitrate,  respectively.  Such  oxy- 
salts are  therefore  classed  as  acidic  salts  and  basic  salts  with  the  hydroxy- 
salts  to  which  tliey  are  related, 

Q^^_  Acidic  and  basic  hydroxides  may  frequently  be  dehydrated 

hydroxides,  in  like  manner  with  the  production  of  oxy hydroxides  or  even 
Anhydrides,  oxides.  Oxides  derived  from  hydroxides  by  dehydration 
are  sometimes  called  anhydrides. 


Indicatozi. 


When  the  reagents  which   produce  salts  are   mixed    in 
undetermined  proportions,  neutral  salts,  or  acidic  salts,  or 
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basic  salts,  or  mixtures  of  salts,  or  salts  mixed  with  an  excess  of  base 
or  of  acid  left  over,  may  be  produced,  according  to  the  circumstances 
of  the  case.  In  many  cases  experiments  with  weighed  materials  and 
careful  analysis  of  the  products  formed  are  necessary  to  determine  the 
course  of  the  reaction.  In  some  such  cases  we  can  make  advantageous 
use  of  certain  substances  called  indicators^  which  enable  us  to  follow  the 
course  of  reactions  by  means  of  color  changes. 

Uaaof  We  may  frequently  employ  for  such  a  purpose  certain 

Utmat.  dyes,  of  which  litmus  is  one  most  suitable.  The  behavior 
of  litmus  in  the  presence  of  soluble  hydroxides  is  interesting.  If  we  color 
a  little  water  with  litmus  and  then  add  to  the  solution  some  of  the  very 
soluble  sodium  hydroxide  or  potassium  hydroxide,  or  of  the 
sparingly  soluble  calcium  hydroxide,  the  claret  color  of  the  litmus 
changes  to  blue.  Magnesium  hydroxide,  though  very  slightly  solu- 
ble, has  a  similar  effect  on  litmus.  Thus  we  find  that  certain  basic 
hydroxides  of  varying  degrees  of  solubility  turn  litmusf  blue.  When  we 
add  hydrochloric  acid,  nitric  acid,  or  sulphuric  acid  to  a  solu- 
tion of  litmus,  the  claret  color  of  the  litmus  is  turned  to  red,  and  a 
similar  effect  is  produced  on  litmus  by  phosphoric  acid,  and  to  a  less 
degree  by  carbonic  acid.      Certain  acidic  hydroxides  turn  litmus  red. 

Since  certain  bases  turn  litmus  blue  and  certain  acids  turn  litmus  red, 
we  may,  by  the  use  of  litmus  as  an  indicator,  follow  the  course  of  a 
reaction  between  such  bases  and  acids.  Thus,  if  we  dissolve  in  a  quan- 
tity of  water  containing  a  little  litmus  a  given  weight  of  potassium 
hydroxide,  we  shall  have  a  blue  solution.  If  now  to  this  solution  we 
add  slowly  nitric  acid,  the  blue  color  will  disappear  when  the  exact 
amount  of  nitric  acid  has  been  introduced  that  is  necessary  to  neutralize 
the  potassium  hydroxide,  and  the  least  amount  of  nitric  acid  in  excess 
will  color  the  solution  red.  A  little  more  potassium  hydroxide  will 
restore  the  blue  color,  which  may  be  again  changed  to  red  by  the  nitric 
acid,  and  the  alteration  of  color  may  be  continued  indefinitely.  With 
extreme  care  to  use  very  dilute  reagents  and  to  add  them  very  gradu- 
ally, it  is  possible  to  obtain  the  original  claret  color  of  the  litmus,  or  the 
"  neutral  tint  '*  as  it  is  called.  Such  a  solution  brought  carefully  to  the 
neutral  color  of  the  litmus  yields,  on  evaporation,  potassium  -nitrate.  In 
case  112.32  cgrm.  of  potassium  hydroxide  are  used,  126.10  cgrm.  of 
nitric  acid  will  be  required  for  the  neutralization,  and  202.38  cgrm.  of 
potassium  nitrate  will  be  obtained  in  the  residue.  We  might,  in  like 
manner,  study,  by  means  of  an  indicator,  the  course  of  the  reaction 
between  potassium  hydroxide  and  sulphuric  acid,  or  the  reaction  between 
sodium  hydroxide  and  either  nitric  acid  or  sulphuric  acid,  or,  in  fact,  the 
reaction  between  any  strong  base  and  any  strong  acid. 

It  is  evident,  however,  that  an  indicator  may  be  thus  employed  only 
when  the  salts  formed  have  no  action  upon  the  indicator.  Thus,  the  salts 
potassium  nitrate  and  potassium  sulphate  possess  no  action  upon 
litmus,  and  neither  do  sodium  nitrate  and  sodium  sulphate.     Most 
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neutral  salts  which  are  formed  by  the  interaction  of  a  strong  base  and  a 
strong  acid  possess  no  action  on  litmus.  On  the  other  hand,  some 
neutral  salts  are  more  or  less  susceptible  to  hydrolytic  action,  and  the 
hydroxides  thus  formed  may  differ  in  their  power  to  affect  litmus. 
Thus,  potassium  carbonate  and  potassium  zincate,  which  are 
hydrolyzed  with  the  formation  in  each  case  of  a  strong  base  and  a  weak 
acid,  turn  litmus  blue;  while  zinc  sulphate  and  copper  sulphate, 
which  are  hydrolyzed  with  the  formation  of  a  strong  acid  and  a  weak 
base,  turn  litmus  red.  Furthermore,  we  even  find  some  acidic  salts 
and  some  basic  salts,  in  composition  part  acid  or  part  base,  which  do 
not  act  regularly  upon  litmus.  Thus,  while  potassium  hydrogen 
sulphate  turns  litmus  red,  potassium  hydrogen  carbonate  turns 
litmus  blue.  The  formation  in  solution  of  salts  which  by  themselves 
affect  the  color  of  litmus  solution  cannot  be  accurately  followed  by  ike 
use  of  litmus  as  an  indicator.  In  general,  if  we  wish  to  know  to  what 
extent  the  replaceable  hydrogen  of  an  acid  has  been  replaced  by  another 
element  to  form  a  salt,  in  a  reaction  with  which  we  are  not  familiar^  we 
must  submit  the  product  of  such  action  to  analysis. 


CHAPTER  X 

ACTION  AND  EQUILIBRIITM 

Energy  and  '^^^  possibility  and  the  progress  of  chemical  change 
Chemical  within  a  given  substance,  or  between  substances,  depend 
Action.  i^yg^  upon  the  affinities  or  natural  tendencies  to  action  of 

the  elements.  Many  elements  and  many  compounds  show  a  natural 
inclination  to  act  upon  one  another  when  conditions  are  favorable. 
Hydrogen  and  oxygen  combine  to  form  water,  copper  and  oxygen  com- 
bine to  make  copper  oxide,  sodium  hydroxide  and  hydrogen  chloride 
interact  to  form  sodium  chloride  and  water ;  and  many  other  examples 
of  chemical  action  between  elementary  substances  or  between  com- 
pounds have  presented  themselves  in  the  course  of  our  previous  study. 
The  tendency  to  interact  is  not,  however,  a  universal  characteristic  of 
substances.  Thus,  the  element  fluorine,  while  exceedingly  reactive 
toward  many  substances,  elementary  and  compound,  refuses  to  form 
compounds  with  oxygen ;  and  no  one  of  the  newly  discovered  gaseous 
elements  —  helium,  neon,  argon,  krypton,  and  xenon  —  has  been  com- 
bined with  another  element.  Even  when  substances  possess  a  natural 
inclination  to  interact  under  favorable  conditionSy  the  application  of 
energy  from  outside  the  system,  or  the  establishment  of  suitable  condi- 
tions as  to  energy,  is  frequently  necessary  to  bring  out  the  inherent  capaci- 
ties for  action.  Thus,  the  gases  hydrogen  and  oxygen  may  be  mixed 
and  kept  mixed  indefinitely  without  the  slightest  formation  of  water 
until  the  passage  of  an  electric  spark  through  some  part  of  the  mixture, 
or  the  raising  of  the  temperature  of  some  part  of  the  mixture,  brings  in 
enough  outside  energy  to  induce  the  combination  of  the  hydrogen  and 
oxygen  at  the  point  of  electrification  or  ignition,  when  the  heat  liberated 
in  such  combination  is  sufficient  to  propagate  the  action  throughout  the 
entire  mass  of  mixed  gases.  Heat,  light,  electricity,  and  mechanical 
energy  are,  as  we  have  seen,  forms  of  energy  capable  of  bringing  out 

the  latent  affinities  of  substances. 
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Di  flocUtion  ^°  many  chemical  changes  action  goes  on  steadily  under 
of  Mercury  defined  conditions  of  energy  until  it  ceases  for  lack  of 
Oxide.  material.     When  mercury  oxide  is  heated,  it  decomposes 

steadily  into  mercury  and  oxygen  until  no  more  of  the  original  mercury 

oxide  remains. 

Mercury  Oxide  =  Mercury  +  Oxygen 

Combinatioii  Similarly,  when  magnesium  is  heated  in  oxygen^  mag- 
^        ,         nesium  oxide  is  formed. 

Magnesium 

and  Oxygen.  Magnesium  +  Oxygen  =  Magnesium  Oxide 

The  product  of  the  oxidation,  magnesium  oxide,  is  stable  at  the  tem- 
perature at  which  the  oxidation  takes  place ;  that  is,  it  does  not  tend 
to  give  off  oxygen  and  reproduce  magnesium.  When  magnesium  and 
oxygen  are  heated  together  in  a  closed  space,  the  action  goes  on  until 
either  the  magnesium  has  been  all  oxidized  or  until  the  supply  of  oxygen 
has  been  exhausted.  The  action  proceeds  until  one  or  other  of  the  fee- 
tors  entering  into  action  has  been  used  up. 

Red  ti  of  '^^^  reduction  of  copper  oxide  by  hydrogen  at  a  moder- 
Copper  Oxide  ately  high  temperature  goes  on  to  complete  reduction  of 

Jy .  the  copper.     When  copper  oxide  is  heated  in  a  glass 

Hydrogen. 

tube  through  which  hydrogen  is  passed,  the  copper  oxide 
is  reduced  to  copper,  while  the  water  formed  escapes  as  steam. 

Copper  Oxide  -f  Hydrogen  =  Hydrogen  Oxide  -f  Copper 

If  we  were  to  attempt  to  reverse  this  reaction  and  make  the  hydrogen 
oxide  or  water  act  upon  the  copper  to  produce  copper  oxide  and  hydro- 
gen, we  should  find  that,  while  copper  and  water  may  be  made  to  react 
slightly  at  extraordinarily  high  temperatures,  the  copper  is  not  at  a  mod- 
erately high  temperature  in  a  condition  of  chemical  activity,  and  fails 
to  react  appreciably  with  the  water  at  temperatures  reached  under  the 
conditions  of  heating  in  a  glass  tube.  Under  the  conditions  of  the 
reduction  of  copper  oxide  by  hydrogen  there  is  no  apparent  tendency 
toward  a  reversal  of  the  reaction,  with  formation  of  copper  oxide  and 
hydrogen.  Even  if  we  were  to  heat  the  copper  oxide  and  hydrogen  in 
a  closed  tube,  so  that  the  water  produced  could  not  escape  but  remained 
in  contact  with  the  copper,  the  reaction  between  the  hydrogen  and  the 
copper  oxide  would  proceed  to  completion;  that  is,  it  would  go  on 
until  either  no  copper  oxide  or  no  hydrogen  remained. 
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A  chemical  change  in  a  given  system  is  complete  when, 
jj,^^  *  having  proceeded  continuously  in  a  given  direction,  at  a 
Incomplete  greater  or  less  rate  of  speed  with  a  continuous  increase  in 
Chuie^  the  quantity  of  the  products  and  a  corresponding  decrease 
in  the  quantity  of  the  factors,  one  or  more  of  the  fia,ctors  is 
exhausted,  and  the  change  stops  merely  for  want  of  more  material ;  on 
the  other  hand,  a  chemical  change  in  a  given  direction  is  incomplete 
when  increase  in  the  quantity  of  the  products  and  decrease  in  the 
quantity  of  factors  are  arrested  before  one  or  more  of  the  factors  is 
exhausted.  Under  definite  conditions  of  energy^  an  established  reaction 
ItuctiTe  which  results  in  the  formation  of  a  product  inactive  under 

Prodact  /^^  conditions^  and  so  incapable  of  setting  up  a  reverse  action^ 
is  a  complete  reaction,  that  is,  it  continues  to  take  place  until  one  of  the 
factors  is  exhausted. 

.  Many  reactions,  however,  do  not  proceed  to  completion. 

KeQUctioii  Ox 

Irpn  Oxide      ^^  have  seen  that  when  we  heat  iron  oxide  in  a  current 

byHydxo-  of  hydrogen,  iron  is  formed  and  water  is  produced.  If 
**"*  we  take  care  to  lead  away  the  steam  as  fast  as  it  is  formed, 

the  reaction  continues  with  the  formation  of  iron  and  water  and  the 
disappearance  of  iron  oxide  and  hydrogen,  so  long  as  the  proper 
.conditions  are  maintained  and  neither  the  iron  oxide  nor  the  hydro- 
gen is  exhausted. 

n  ^  ^  ^  On  the  other  hand,  when  we  heat  iron  in  a  current  of 
Hydrogen  hydrogen  oxide  vapor,  or  steam,  and  continuously  remove 
Oxide  t»y  ^^  liberated  hydrogen,  iron  oxide  and  hydrogen  continue 
to  be  formed  under  these  conditions  until  either  the  iron  or 
the  steam  is  exhausted. 

If  now  we  vary  our  procedure  in  the  reduction  of  iron  oxide  by  hydro- 
gen so  that  we  may  work  with  suitable  prop>ortions  of  iron  oxide  and 
hydrogen,  contained  in  a  system  to  which  nothing  is  added  and  from 
which  nothing  is  removed  during  the  course  of  the  reaction,  we  shall 
have  a  different  state  of  affairs.  Thus,  if  we  heat  iron  oxide  and 
hydrogen  in  a  sealed  tube,  part  of  the  iron  oxide  will  at  once  be 
reduced  to  iron  by  the  hydrogen. 

Iron  Oxide  +  Hydrogen  =  Hydrogen  Oxide  +  Iron 

Rerexsed  But  the  transformation  can  never  be  more  than  partial,  for 

since  the  products  remain  in  the  system  under  conditions  of 
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chemical  activity,  a  reverse  reaction  sets  in,  by  which  hydrogen   oxide 
is  reduced  to  hydrogen  by  the  iron. 

Hydrogen  Oxide  +  Iron  =  Iron  Oxide  -f  Hydrogen 

Balanced  and  we  finally  have  a  balanced  action  in  which  the  system  is 
Action.  {f^  ^  condition  of  chemical  equilibrium^  both  the  direct  and 

the  reverse  reactions  taking  place  in  the  same  system  simultaneously.  We 
may  represent  such  a  condition  of  affairs  by  an  equation, 

Iron  Oxide  +  Hydrogen  "^  Hydrogen  Oxide  +  Iron 

Similarly,  when  we  heat  iron  and  hydrogen  oxide  vapor,  or  steam,  in  a 
closed  tube,  part  of  the  steam  is  reduced  to  hydrogen  by  the  iron,  but 
the  action  can  never  be  complete  to  the  point  of  using  up  all  the  steam  ; 
for  here,  as  in  the  previous  case,  the  reverse  reaction  between  the  prod- 
ucts, the  hydrogen  and  the  iron  oxide,  is  set  up,  resulting  in  a  balanced 
action  and  condition  of  equilibrium. 

Hydrogen  Oxide  -f  Iron  "^  Iron  Oxide  -|-  Hydrogen 

The  reaction  between  iron  oxide  and  hydrogen  and  that  between 
hydrogen  oxide  and  iron  are  typical  of  many  reactions  which  in  a 
closed  system  are  reversible  and  incomplete.  In  gerferal^  when  the 
products  of  reactions  within  a  closed  system  are  chemically  actiTe^  the 
reaction  is  reversible  and  incomplete  and  results  ultimately  in  balanced 
action  and  chemical  equilibrium. 

The  condition  of  equilibrium  is  determined  by  a  principle 
Actton^f^^"  suggested  a  century  ago  by  Wenzel,  affirmed  later  by  Ber- 
Maaa  Action,  thollet,  formulated  by  Guldberg  and  Waage,  and  now  known 
as  the  law  of  concentration  action,  or  law  of  "mass  action." 
According  to  this  principle  of  action,  equilibrium  in  the  interaction  of 
substances  depends  not  only  upon  the  affinities  involvedy  but  also  upon  the 
concentrations  or  masses  of  active  substances  in  the  unit  volume. 

If,  for  example,  the  relations  of  four  substances  Ay  B^  A',  and  ^',  in- 
volved in  a  reversible  reaction,  are  as  shown  by  the  expression 

A'\-B:^A'-hB', 

the  forward  tendency  of  the  reaction  is  proportional  to  the  product  of 
the  number  of  equivalents  of  A  and  ^  in  a  given  volume  into  a  coeffi- 
cient of  affinity  Xr,  acting  between  A  and  B,  while  the  reverse  tendency 
of  the  reaction  is  proi)ortional  to  the  product  of  the  number  of  equiva- 
lents of  ^'  and  B'  in  the  given  volume  into  a  coefficient  of  affinity  /-', 
acting  between  A'  and  B',     Then,  if  /,  q,  p\  q*  be  the  number  of 
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equivalents  of  A,  B,  A',  B',  respectively,  present  in  the  given  volume 


for  the  case  of  equilibrium,       ^^ , 


and  the  quantities  —  and  -  represent  the  proportions,  respectively,  of 

the  equivalents  of  A'  produced  from  A  and  o(  B'  from  B. 

By  determining  experimentally,  as  may  be  done  in  many  cases,  the 
numbers  of  the  equivalents  /,/',  ^,  ^'  for  some  simple  proportion  of 
j4,  A\  B,  B'  in  a  condition  of  equilibrium,  the  relation   between  the 

affinity  coefficients  ^  and  k'  is  discovered,  and  n  once  known,  it  is  pos- 
sible to  deduce  the  condition  of  equilibrium  for  any  initial  proportions 
of  the  four  substances. 

The  velocity  of  reactions  may  also  be  discussed  in  relation  to  the 
principle  of  concentration  action.  The  velocity  with  which  a  reaction 
progresses  may  be  vjewed  as  the  resultant  of  a  struggle  between  the 
tendencies  to  action  in  opposite  directions.  If  we  represent  by  v  and 
z/  the  velocities  in  opposite  directions,  then  we  have  for  these  two 
velocities  in  terms  of  mass  action,  v  =  kpq,  v'  =  ^'P'g',  and  for  y,  the 
resultant  and  observed  velocity, 

F  =  V  "  v'  =  kpq  —  k'p'q'. 

In  case  of  equilibrium  the  velocities  are  equal  and 

kpg  =  k'p'g'. 

In  the  case  of  a  complete  reaction,  as  when  a  product  is  removed  from 
the  system,  the  reverse  velocity  is  o,  and  the  measured  velocity  is  the 
product  of  the  number  of  active  equivalents  into  the  affinity  coefficient. 

y=kpg 

Based  upon  the  principle  of  concentration  action,  expressions  may  be 
developed  for  the  discussion  of  reactions  in  which  a  single  substance  is 
active  and  undergoes  change  in  concentration,  as  when  cane  sugar  is 
hydrolyzed  to  inactive  products,  or  of  reactions  in  which  two  or  more  sub- 
stances undergo  change  in  concentration.  According  to  the  form  of  the 
expression  which  proves  applicable  to  the  experimental  investigation  of 
a  given  reaction  it  is  possible  to  decide  whether  the  reaction  involves 
one  active  substance  and  is  of  the  ^rs/  order,  as  is  said,  or  involves  more 
than  one  substance  and  is  of  the  second  order  or  perhaps  the  third  order. 

Taking  up  now  the  consideration  of  a  concrete  case,  let 
Decrease  of    US  look  once  more  at  the  reversible  reaction  which  takes 
wfj^^^*      place  between  hydrogen  and  iron  oxide.     When  we  bring 
together  iron  oxide  and  hydrogen  in  a  closed  space  and 
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heat  the  mixture,  the  two  substances  thus  brought  under  conditions  of 
chemical  activity  commence  to  interact  with  the  formation  of  iron  and 
hydrogen  oxide,  and  the  production  of  these  substances  continues  so 
long  as  the  system  remains  under  the  proper  conditions.  Now,  since  at 
the  start  there  is  no  hydrogen  oxide  nor  iron  in  the  system  at  all,  no 
reverse  action  between  these  substances  is  at  first  possible ;  but  just  as 
soon  as  the  smallest  amounts  of  these  products  are  formed  by  the  direct 
action,  the  reverse  action  commences,  hydrogen  oxide  and  iron  inter- 
acting to  form  iron  oxide  and  hydrogen.  When  the  direct  action 
between  the  iron  oxide  and  hydrogen  begins,  the  mass  of  the  chemically 
active  hydrogen  is  relatively  great,  and  the  speed  at  which  the  direct 
action  between  the  hydrogen  and  the  iron  oxide  commences  is  con- 
siderable; as  the  direct  action  progresses  hydrogen  is  continually 
used  up,  its  active  mass  becomes  continually  less,  and  the  speed  of  the 
direct  action  diminishes  constantly.  In  the  same  way,  the  reverse 
action  between  iron  and  hydrogen  oxide,  involving  at  first  a  very  small 
mass  of  hydrogen  oxide  diffused  through  a  large  mass  of  hydrogen, 
progresses  at  first  slowly,  and  then,  as  the  active  mass  of  the  hydrogen 
oxide  increases,  acquires  greater  velocity,  until  finally  the  direct  and 
the  reverse  actions  are  taking  place  simultaneously  at  the  same  rate  of 
speed. 

If  now  we  introduce  into  the  system  an  additional  amount  of  hydro- 
gen, the  equilibrium  will  be  disturbed,  and  the  direct  action  will  be  set 
up  again  and  will  proceed  with  continuously  diminishing  rapidity,  until 
another  condition  of  equilibrium  is  reached,  and  a  similar  effect  in  set- 
ting up  the  direct  action  will  follow  the  removal  of  some  of  the  steam 
from  the  system.  If,  on  the  other  hand,  we  increase  the  amount  of 
steam  in  the  system,  or  remove  some  of  the  hydrogen,  the  effect  will  be 
to  set  up  the  reverse  action,  which  will  proceed  with  lessening  rapidity 
to  another  equilibrium. 

If  we  conduct  the  operation  in  an  open  tube,  supplying  a  constant 
stream  of  hydrogen  to  the  iron  oxide,  leading  away  the  steam  as  fast  as 
it  is  formed,  the  direct  action,  or  reduction  of  iron  oxide  to  iron,  may 
be  made  to  go  on  continuously  to  its  completion,  that  is,  until  the  iron 
oxide  is  all  reduced  to  iron ;  and  similarly,  by  supplying  a  constant  cur- 
rent of  steam  to  the  iron,  and  removing  the  hydrogen  as  fast  as  it  is 
formed;  we  may  insure  the  completion  of  the  reverse  action,  the  oxi- 
dation of  the  iron  to  iron  oxide. 
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Cbemlcal  ^^  general  a  reaction  which  forms  active  products  retained 

EquUib-  in  the  system  will  result  ultimately  in  a  condition  of  balance 
'*°"'  or  chemical  equilibrium  between  active  reagents ;  while  re- 

actions which  form  products  inactive  or  removed  from  the  sphere  of 
activity  as  fast  as  they  are  formed  will  continue  to  compleHon. 
Rf^p^rtfflffff  Reactions  which   take  place   through   the  medium  of  a 

in  SolotloB.  solvent,  that  is  between  substances  of  which  at  least  one  is 
in  solution,  follow  also  this  general  rule. 

When  magnesium  chloride  and  ammonium  hydroxide  are 
brought  together  in  solution,  we  have  evidence  of  chemical  change  in 
A  Reversible  the  precipitation  of  magnesium  hydroxide ;  magnesium  and 
ReactioB.  «  ammonium  "  have  changed  places,  to  some  extent  at  least, 
with  the  formation  of  ammonium  chloride  and  magnesium  hydroxide. 

Magnesium  Chloride  +  Ammonium  Hydroxide 

= Ammonium  Chloride  -f-  Magnesium  Hydroxide 

The  reaction,  however,  never  proceeds  to  completion,  portions  of  the 
original  magnesium  chloride  and  ammonium  hydroxide  remaining  in  the 
solution.  If  now  we  add  to  the  mixture  more  ammonium  chloride,  one 
of  the  products  of  the  reaction,  the  reaction  is  visibly  reversed  and  the 
magnesium  hydroxide  begins  to  be  acted  upon.  When  enough  ammo- 
nium chloride  has  been  added,  the  magnesium  hydroxide  all  disappears. 

Magnesium  Hydroxide  +  Ammonium  Chloride 

= Ammonium  Hydroxide  +  Magnesium  Chloride 

This  reaction  is  the  exact  reverse  of  that  by  which  the  original  pre- 
cipitation takes  place.  Plainly  the  reason  why  the  reaction  between 
magnesium  chloride  and  ammonium  hydroxide  never  goes  to  completion 
is  to  be  found  in  the  fact  that  the  ammonium  chloride  and  magnesium 
hydroxide  formed  tend  to  interact  and  reverse  the  action,  llie  reaction 
should  therefore  be  expressed  as  a  reversible  reaction. 

Magnesium  Chloride  4-  Ammonium  Hydroxide 

'Magnesium  Hydroxide  4-  Ammonium  Chloride 

Completed  When,  however,  one  of  the  products  produced  by  the  inter- 

Roactioae.  action  of  substances,  of  which  at  least  one  is  in  solution, 
becomes  inactive  because  it  is  removed  from  the  sphere  of  action  as 
fast  as  it  is  formed,  no  reversal  of  the   reaction  can    result. 
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Oaseous  Thus,  when  sulphuric  acid  and  sodium  carbonate 

Product.  interact  in  solution,  sodium  sulphate  is  formed  and  remains 
dissolved,  while  the  gaseous  carbon  dioxide,  coming  from  the  decom- 
position of  the  unstable  carbonic  acid,  escapes. 

Sodium  Carbonate  -f  Sulphuric  Acid 

=  Sodium  Sulphate  -|-  Carbon  Dioxide  -h  Hydrogen  Oxide 

Since  the  carbon  dioxide  is  a  gas,  and  therefore  spontaneously  renaov- 
able  from  the  sphere  of  activity,  the  reaction  proceeds  to  completion- 
So  it  appears  that  when  a  reaction  takes  place  between  substarueSy  of 
which  at  least  one  is  in  solution^  with  formation  of  a  gaseous  product 
removable  spontaneously  from  the  system  of  action^  the  reaction  tvi/l 
proceed  to  completion, 

Chaneein  If  we  bring  into  a  solution  of  ammonium  chloride  a 

Volatility  of  quantity  of  white,  insoluble,  freshly  precipitated  calcium 
Product.  carbonate,  the  interaction  between  the  two  substances  15 
at  ordinary  temperatures  so  slight  as  to  be  imperceptible  ;  but  when,  by 
prolonged  boiling  of  the  solution,  the  ammonium  carbonate  formed  is 
broken  up  and  the  products  volatilized,  thus  being  removed  from  the 
sphere  of  activity,  the  reaction  will  proceed  to  completion. 

Ammonium  Chloride  -|-  Calcium  Carbonate 

=  Ammonia  Carbonate  -|-  Calcium  Chloride 

» 

So  it  is  sometimes  possible  to  disturb  a  chemical  equilibrium  established 
between  substances ^  of  which  at  least  one  is  in  solution y  and  so  complete 
the  reaction f  by  increasing  the  volatility  of  one  of  the  products. 
Insoluble  When  potassium  chloride  and  silver  nitrate  inter- 

Product.  2iCX  in  solution,  the  potassium  changes  place  with  the  silver 
to  form  insoluble  and  inactive  silver  chloride. 

Potassium  Chloride  -f  Silver  Nitrate 

=  Potassium  Nitrate  +  Silver  Chloride 

We  find  by  experiment  that  silver  chloride  and  potassium  nitrate  are 
very  inactive  toward  one  another,  and  the  reaction  of  potassium  chloride 
upon  silver  nitrate  is  not  appreciably  reversed  by  the  presence  of  potas- 
sium nitrate.  The  formation  of  silver  chloride  goes  on,  therefore,  until 
practically  all  the  silver  of  the  silver  nitrate  or  the  potassium  chloride  is 
exhausted.  So,  when  one  of  the  products  produced  by  the  interaction  of 
substances  through  the  medium  of  c  solvent  is  insoluble ^  and  at  th^  same 
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time  inactive,  the  equilibrium  must  be  continually  disturbed,  and  the  re- 
action will  go  on  to  completion, 

Chaneein  When   calcium   chloride  and  potassium  sulphate 

Solyent  are  brought  together  in  solution,  the  calcium  changes  place 

JJ^  ^         with  the  potassium,  forming  calcium  sulphate   and  potas- 
Slum  chloride. 

Calcium  Chloride  +  Potassium  Sulphate 

Z^  Calcium  Sulphate  +  Potassium  Chloride 

Precipitation  of  the  sparingly  soluble  calcium  sulphate  may  or  may 
not  take  place,  according  to  the  amount  oi  materials  and  liquid  present. 
In  any  event,  the  reaction  will  be  incomplete.  When,  however,  we  add 
to  the  solution  a  quantity  of  alcohol  in  which  calcium  sulphate  is  very 
insoluble  and  inactive,  we  so  alter  the  properties  of  the  medium  as  to 
insure  the  almost  complete  removal  of  the  calcium  sulphate  by  precipi- 
tation in  insoluble  and  inactive  form,  thus  disturbing  the  equilibrium 
and  permitting  the  reaction  to  proceed  toward  completion.  So  it  is 
sometimes  possible  to  disturb  a  chemical  equilibrium  between  substances 
at  least  one  of  which  is  in  solution^  and  so  insure  the  progress  of  the 
reaction  toward  completion,  by  changing  the  solvent  effect  of  the  medium 
for  one  of  the  products  formed, 

Pi«d  t  not  ^°  general,  the  reaction  of  neutralization  between  a  base 
Hydzolysed  and  an  acid,  involving  the  production  of  water,  proves  to 
by  Water,  ^e  not  reversible  by  water,  and  proceeds  to  completion. 
Thus  potassium  hydroxide  and  hydrochloric  acid  interact  in 
water  solution  to  form  soluble  potassium  chloride  and  water. 

Potassium  Hydroxide  -f  Hydrochloric  Acid 

=  Potassium  Chloride  4-  Hydrogen  Oxide 

The  water  solution  of  potassium  chloride  may  be  boiled  and  evaporated 
to  dryness  without  noticeable  reversal  of  the  reaction  and  the  formation 
of  hydrochloric  acid. 

So,  also,  when  potassium  hydroxide  and  nitric  acid  interact  in 
water  solution,  soluble  potassium  nitrate  and  water  are  formed,  and, 
the  reaction  not  being  reversible  by  water  under  the  conditions,  pro- 
ceeds to  completion. 

Potassium  Hydroxide  +  Nitric  Acid 

=  Potassium  Nitrate  +  Hydrogen  Oxide 
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Pxodttct  Reactions  of  neutralization  are,  however,  not  always  com- 

Hydrolyzed  plete  reactions.  For  example,  whenarsenious  hydroxide 
by  Water.  ^^^  hydriodicacidare  brought  together  in  a  small  amount 
of  water  yellow  insoluble  arsenious  iodide  is  formed. 

Arsenious  Hydroxide  +  Hydriodic  Acid 

=  Arsenious  Iodide  +  Hydrogen  Oxide 

The  addition  of  a  suitable  amount  of  water  reverses  the  action  and 
hydrolysis  takes  place  with  solution.  If  now  strong  sulphuric  acid, 
which  as  we  know  possesses  a  strong  affinity  for  water,  is  added  to  the 
solution,  the  reverse  action  of  the  water  is  limited  and  the  arsenious 
iodide  is  again  precipitated. 

Similarly,  the  degree  to  which  hydrochloric  acid  may  be  neutral- 
ized by  arsenious  hydroxide  depends  upon  the  amount  of  water 
present,  but  the  reverse  action  of  water  may  be  limited  by  adding  strong 
sulphuric  acid  or  strong  hydrochloric  acid,  both  of  which  have  a  strong 
attraction  for  water. 

When  the  mutual  neutf-alization  of  a  base  and  an  acid  results  in  the 
formation  of  a  product  not  hydrolyzed  by  watery  the  reaction  is  complete; 
and  when  the  reaction  of  neutralization  is  incomplete  because  of  the  for- 
mation  of  a  product  hydrolyzed  by  water ^  it  is  sometimes  possible  io  push 
the  reaction  toward  completion  by  the  addition  of  a  substance  having  a 
strong  attraction  for  water  but  otherwise  inert  under  the  conditions. 
Physical  Many  changes  in  matter  —  whether  physical  and  of  con- 

Equiiibriom.  (Jition  merely,  or  chemical  and  of  composition — are  revers- 
ible in  obedience  to  small  changes  in  the  external  conditions  of  energy 
represented  by  temperature  and  pressure.  Water  in  contact  with  its 
own  vapor  is  obviously  such  a  system  —  since  liquid  water  may  be  con- 
verted to  vapor  by  accession  of  heat,  and,  conversely,  the  vapor  thus 
formed  may  be  condensed  again  to  liquid  water  by  removal  of  heat. 
The  liquid  water  and  water  vapor  of  the  system  are  said  to  be  in  physical 
equilibrium. 

Chemical  Similarly,  the  chemical  individual  calcium  carbonate 

Equilibrium,  when  heated  at  a  temperature  sufficiently  high  and  pressure 
sufficiently  low  breaks  up  into  two  chemical  individuals,  calciunci  oxide 
and  carbon  dioxide.  Temperature  and  pressure  may,  however,  be  so 
fixed  that  no  change  shall  take  place  in  the  calcium  carbonate  under  the 
conditions,  while  the  slightest  diminution  of  pressure  or  elevation  of 


ACTION   AND   EQUILIBRIUM  I37 

temperature  will  set  up  dissociation  of  the  calcium  carbonate  into  calcium 
oxide  and  carbon  dioxide.  If  now  under  conditions  of  temperature 
and  pressure  at  which  dissociation  takes  place,  the  pressure  be  slightly 
increased  or  the  temperature  be  slightly  lowered,  the  calcium  oxide  and 
carbon  dioxide  combine  to  form  calcium  carbonate.  The  dissociation 
of  the  calcium  carbonate  to  the  two  oxides  and  the  combination  of  the 
two  oxides  to  form  calcium  carbonate  constitute  a  reversible  process, 
and  the  oxides  make  a  system  in  chemical  equilibrium. 

In  correlating  phenomena  of  equilibrium   between  sub- 
^JJ^    ***  ,      stances  associated  in  a  reversible  process^  whether  the  associa- 
Hon  is  chemical  or  physical^  the  thermodynamically  deduced 
**  Phcue  Rule*^  of  Gibbs  has  proved  to  be  most  serviceable. 

In  a  material  system,  those  masses  of  matter  which  are 
ComiMm«nts.  chemically  and  physically  homogeneous,  or  of  uniform  con- 
centration, or  which  consist  of  the  same  mass  in  the  unit 
volume,  and  are  mechanically  separable,  are  termed  "  phases,"  and  the 
substances  of  independently  variable  concentration  constituting  the 
phases  are  called  "  components.'* 

Thus,  in  the  system  consisting  of  calcium  oxide,  carbon  dioxide,  and 
calcium  carbonate,  the  calcium  oxide  and  the  carbon  dioxide  are  com- 
ponents, since  the  amount  of  each  present,  both  free  and  combined,  is 
independent  of  the  amount  of  the  other.  The  amount  of  the  calcium 
carbonate,  however,  is  dependent  upon  the  amounts  of  calcium  oxide 
and  carbon  dioxide  present,  these  substances  combining  to  form  calcium 
carbonate  and  being  formed  when  calcium  carbonate  is  decomposed. 
Calcium  carbonate,  therefore,  is  not  a  component,  but  is  to  be  regarded 
as  a  solid  phase  in  which  the  two  components,  calcium  oxide  and  carbon 
dioxide,  are  associated  and,  as  it  happens,  in  definite  proportions. 

A  component  is  not  necessarily  a  chemical  individual,  element,  or 
compound,  nor  need  every  chemical  individual  be  regarded  as  a  com- 
ponent. For  example,  a  system  made  up  of  propyl  alcohol  and 
water  in  such  proportions  that  the  vapor  has  the  same  composition  as 
the  liquid  mixture  may  be  looked  upon  as  consisting  of  one  component 
(the  mixture  of  definite  proportions)  and  the  two  phases,  liquid  and 
vapor.  A  hydrous  double  salt  compounded  of  two  salts  and  water  of 
crystallization  is  not  to  be  treated  as  a  single  component,  but  rather  as 
three  components  (two  single  salts  and  water),  because  the  concentration 
of  these  substances,  or  masses  in  the  unit  volume,  may  be  varied,  and 
by  such  variations  of  concentration  all  possible  modifications  of  the 
system  can  be  formed. 

A  system  may  contain  one  or  more  components  and  may  consist  of 
one  or  more  phases.  The  substance  water,  for  example,  makes  a  system 
of  one  component,  and  the  phases  may  be  one,  two,  or  three,  according 
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as  the  water  exists  as  ice,  liquid  water,  or  water  vapor ;   or  as  any  two 
of  three  phases  ;  or  as  all  three  of  them. 

The  effect  of  changes  in  temperature ^  pressure ^  and  concentrations  of  the 
phases  on  equilibrium  turns  upon  the  constitution  of  the  system. 
Assuming  values  for '  temperature,  pressure,  and  chemical  potentials 
(the  amounts  of  work  involved  in  the  transfer  of  the  unit  mass  of  each 
component  into  a  phase,  or  from  a  phase  under  defined  conditions)  to 
be  uniform  throughout  the  system,  it  has  been  shown  by  Gibbs  that  each 
phase  may  he  described  by  an  equation  connecting  these  quantities,  the 
same  variables  appearing  in  the  various  equations. 

While  we  do  not  know  the  chemical  potentials  and  are 

Eouilibriam  ^g"^'"*"^  °^  ^^  values  entering  into  single  equations,  /'/  is 
possible  to  draw  some  conclusions  in  respect  to  the  conditions 
of  equilibrium  of  phases  as  related  to  temperature,  pressure,  and  concen- 
tration. It  appear^  that  when  the  number  of  phases  is  less  by  one  than 
the  number  of  the  components,  that  the  temperature,  pressure,  and  the  set 
of  concentrations  may  vary  independently  without  tiie  disappearance  of 
a  phase,  the  system  being  variable  in  three  respects,  and  possessing  three 
degrees  of  freedom.  In  such  a  system,  as  well  as  in  all  systems  in  which 
the  number  of  phases  is  less  than  the  number  of  the  components,  the 
possibilities  of  equilibrium  are  many  and  ill  defined. 
The  only  systems  of  practical  interest  are  : 

I.  The  nonvariant  system,  in  which  the  number  of  phases  exceeds 
the  number  of  the  comi)onents  by  two,  and  which  possesses  no  degree 
of  freedom,  it  being  possible  to  change  neither  temperature,  pressure, 
nor  concentration  without  destroying  the  equilibrium  of  the  phases. 

II.  The  univariant  system^  in  which  the  number  of  phases  exceeds 
the  number  of  components  by  one,  and  which  possesses  one  degree  of 
freedom,  it  being  possible  to  vary  any  one  of  the  three  determining  con- 
ditions, temperature,  or  pressure,  or  concentration  of  phase,  while  the 
other  two  as.sume  definite  values,  without  destroying  the  equilibrium  of 
the  phases. 

III.  The  bivariant  system,  in  which  the  number  of  phases  equals  the 
number  of  components,  and  which  possesses  two  degrees  of  freedom,  it 
being  possible  to  vary  two  of  the  three  determining  conditions  indepen- 
dently of  one  another  while  the  third  assumes  a  dependent  value,  without 
destroying  the  equilil)rinm  of  the  phnses. 

If  C  be  the  number  of  components,  P  the  number  of  phases,  and  F 
the  degrees  of  freedom,  then  : 

For  the  nonvariant  system  .         .  C  -\-  2=P-\-o 

For  the  univariant  system  •         .  C  -4-  2  =  /'-f  i 

For  the  bivariant  system    .         .         .  C -4-  2  =  /*-!-  2 

and,  in  general,  C  -f  2  =  P  -h  ^ 

whence,  P=  6*  +  2  —  /^ 

and  F=C-\-2-P 
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So  it  appears,  that  the  number  of  phases  possible  under  any  conditions 
is  equal  to  the  number  of  the  compotunts  increased  by  two  and  dimin- 
ished by  the  number  of  degrees  of  freedom  of  the  system ;  and,  that  the 
number  expressing  the  degrees  of  freedom  of  the  system  is  equal  to  the 
number  of  the  components  ificreased  by  two  and  diminished  by  the  num- 
'ber  of  phases. 

This  relation  of  components,  phases,  and  degrees  of  freedom  finds 
useful  application  in  the  consideration  and  classification  of  various  revers- 
ible chemical  changes. 

DegzBes  of  In  systems  involving  the  solubilities  of  components  in  one 

Solubility,  another  it  is  plain  that  concentrations  of  phase  turn  upon 
degrees  of  soluSility.  So  long  as  the  system  involving  a  soluble  salt  pre- 
sents but  one  set  of  conditions  of  equilibrium,  —  namely,  a  fixed  degree 
of  solubility,  one  temperature,  and  one  pressure, —  it  is  nonvariant  and 
the  number  of  phases  exceeds  the  number  of  components  by  two  ;  when 
the  system  shows  different  degrees  of  solubility  on  the  part  of  the  dis- 
solved salt  with  coordinated  variations  of  temperature  and  pressure, 
there  being  for  a  given  temperature  only  one  pressure  and  one  degree 
of  solubility,  or  for  a  given  pressure  one  temperature  and  one  solubility, 
the  system  is  univariant  and  the  number  of  phases  exceeds  the  num- 
ber of  components  by  one ;  and  when  the  system  shows  changes  in 
solubility  corresponding  to  different  temperatures  at  an  assumed  pres- 
sure, or  to  different  pressures  at  a  fixed  temperature,  the  system  is 
bivariant,  and  the  number  of  phases  is  equal  to  the  number  of  the  com- 
ponents. The  experimental  determination  of  solubilities  under  observed 
conditions  of  temperature  and  pressure,  and  the  consequent  fixing  of 
the  system  of  equilibrium,  may  sometimes  serve  a  useful  end  in  discover- 
ing new  and  unexpected  compounds. 

Now,  let  us  look,  for  the  sake  of  illustration,  at  some  typical  sys- 
tems of  equilibrium,  taking  first  the  case  of  a  system  consisting  of 
one  component. 

Water  at  o**  and  4  mm.,  the  temperature  at  which  ice, 
HoiiTaiiaiit  .  liquid   water,  and    water  vapor   can  exist  together   in 
System  Off      equilibrium,  is  a  system  of  one  component,  so  constituted 
Component.     ^^^^  ^^^  phases  can  exist  in  equilibrium  at  only  one  tempera- 
ture, one  pressure,  and  one  set  of  concentrations. 

The  system  is  nonvariant  because  the  least  permanent  change  of 
temperature,  pressure,  or  concentration  of  either  ice,  liquid  water,  or 
water  vapor  destroys  the  equilibrium  of  phases  ;  elevation  of  temperature 
melting  the  ice  and  causing  disappearance  of  the  solid  phase,  while 
lowering  the  temperature  freezes  the  water  and  removes  the  liquid 
phase ;  increase  of  pressure  condensing  the  vapor,  while  decrease  of 
pressure  vaporizes  the  water;  and  changes  of  concentration  implying, 
in  this  case,  changes  of  temperature  and  pressure. 

It  is  of  interest  to  note,  however,  that  changes  of  volume  which  do 
not  affect  permanently  temperature  or  pressure  may  be  made  in  such 
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a  system  without  changing  the  concentration.  Suppose,  for  example, 
the  system  of  ice,  liquid  water,  and  water  vapor  to  be  contained 
in  a  cylinder  closed  by  a  movable  piston  and  at  constant  temperature 
and  pressure.  If  the  piston  is  now  drawn  out,  the  volume  to  be 
filled  with  vapor  is  increased,  and  some  water  evaporates  to  fill  the 
space  at  the  given  temperature  and  pressure.  Conversely,  if  the  piston 
is  pushed  in,  the  volume  to  be  filled  with  vapor  is  diminished  and  more 
liquid  forms.  So  long  as  any  water  vapor  remains,  the  volume  of  the 
system  may  be  varied  without  changing  concentrations  or  affecting  the 
equilibrium.  No  permanent  change  takes  place  in  either  event  in 
the  concentration  of  the  ice,  the  liquid  water,  or  the  water  vapor. 
Vnivariant  Liquid  water  and  water  vapor  existing  together  at 
System  of  si  temperature  above  that  of  melting  ice  constitute  a  untvari- 
One  ant  system,  or  a  system  so  made  up  that  for  a  given  combi- 

Component.  nation  of  phases  one  and  only  one  of  the  determining 
conditions,  temperature,  pressure,  and  phase  concentration^  may  be 
arbitrarily  changed  without  overturning  the  equilibrium  of  the  phases. 
There  are  many  temperatures,  for  each  one  of  which  there  is  a  single 
pressure  and  a  single  set  of  liquid  and  vapor  concentrations  for  which 
the  phases  may  be  in  equilibrium  ;  there  are  many  pressures,  for  each  of 
which  there  is  a  single  temperature  and  a  single  set  of  concentrations 
of  equilibrium  ;  and  there  are  many  sets  of  concentration  of  liquid  and 
vapor,  for  each  of  which  one  temperature  and  one  pressure  of  equilib« 
hum  exists. 

The  same  thing  is  true  in  a  general  way  of  the  uni variant  system 
consisting  of  liquid  water  and  ice,  or  of  ice  and  water  vapor. 
For  each  of  certain  temperatures  chosen  arbitrarily  within  limits  one 
pressure  and  one  set  of  concentrations  will  be  found  at  which  the 
equilibrium  of  the  phases  is  preserved.  For  each  of  certain  arbitrarily 
chosen  pressures  there  exists  a  temperature  and  a  set  of  concentra- 
tions at  which  the  equilibrium  holds,  and  for  each  arbitrarily  fixed  set 
of  concentrations  will  be  found  one  temperature  and  one  pressure  of 
equilibrium. 

The  volume  of  such  a  univariant  system  may,  however,  be  changed, 
providing  pressure  and  temperature  are  not  disturbed,  without  affecting 
concentrations.  If,  for  example,  the  system  of  liquid  water  and 
water  vapor  be  contained  in  the  experimental  cylinder  at  constant 
temperature  and  pressure,  above  o°  and  4  mm.,  the  piston  may  be 
drawn  out  and  the  volume  of  vapor  expanded  so  long  as  liquid  water 
remains,  or  the  piston  may  be  pushed  in  and  the  volume  of  vapor  con- 
tracted so  long  as  vapor  remains,  without  changing  the  concentration 
of  either  liquid  water  or  water  vapor.  The  conditions  are  similar  for 
ice  and  water  vapor,  at  0°  and  a  pressure  less  than  4  mm.,  and  the 
same  is  true  for  ice  and  liquid  water,  at  o**  and  a  pressure  above 
4  mm.,  though  possible  variations  in  the  volume  of  this  system  are  very 
small  even  under  enormous  pressures. 
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Bivasiaat  Water  existing   as   ice,   as   liquid  water,   or  water 

Sycteni  vapor  makes  a  bivariant  system  so  constituted  that  two  of 

Off  0b«  the  determining  conditions,  temperature,  pressure, .and  phase 

CompoiMBt.  concentration,  may  be  varied  independently.  For  a  given 
temperature  there  are  many  pressures  and  concentrations,  for  a  given 
pressure  many  temperatures  and  concentrations,  and  for  a  given  concen- 
tration many  pressures  and  temperatures  at  which  ice  or  Hquid  water 
or  water  vapor  may  exist  without  the  appearance  of  another  water  phase 
—  that  is,  in  equihbrium  with  itself. 

In  such  a  system  any  change  in  volume  implies  change  in  concentration. 
Diagram-  The  relations  of  temperature  and  pressure  to  equilibrium 

mAtic  Rdpr»-  of  the  phases  in  a  system  of  one  component  may  be  illustrated 
••ntatUm.  by  the  diagram  which  we  have  previously  used  to  illustrate 
the  persistence  of  phases  without  discussing  questions  of  equilibrium. 
This  diagrammatic  representation  which  is  here  reproduced  shows  the 
relations  of  equilibrium  of 
the  three  phases  of  water 
under  varying  conditions  of 
temperature  and  pressure. 
The  ordinates  represent  pres- 
sures^ the  abscissa  tempera- 
tureSy  and  every  point  a 
pressure  and  a  temperature  j» 
at  which  at  least  one  phase  i 
may  exist  Each  curve  is 
made  up  of  points  every  one 
of  which-  indicates  a  pres- 
sure and  a  temperature  under 
which  two  different  phases 
may  coexist,  and  the  point 
of  intersection  of  the  curves 
indicates  a  pressure  and  a 
temperature  at  which  all 
three  phases  may  coexist. 

Thus  the  points  /i,  /a,  p^ 
represent  each  a  pressure  and 

a  temperature  at  which  water  vapor,  liquid  water,  and  ice,  respec- 
tively, may  exist  alone.  The  curve  PA  is  made  up  of  points  showing 
the  temperatures  and  pressures  at  which  liquid  water  and  water  vapor 
may  exist  together  in  equilibrium  ;  the  curve  PB  indicates  temperatures 
and  pressures  at  which  the  liquid  and  solid  phases  of  water  may  be  in 
equilibrium ;  the  curve  PC  shows  the  equilibrium  temperatures  and 
pressures  for  the  solid  water  phase  and  water  vapor  phase. 
Tri  1  Point.       '^^^^  point  P  in  which  the  three  curves  intersect,  called  the 

**  triple  point,  indicates  the  one  condition  of  temperature, 

nearly  o^,  and  pressure,  about  4  mm.,  at  which  all  the  phases  of  water 
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may  coexist.  Every  point  of  the  curves  PA^  PB,  PC  represents  the 
single  temperature  for  every  indicated  pressure  and  the  single  pressure 
for  every  indicated  temperature  at  which  the  univariant  systems,  vapor- 
liquid,  liquid-solid,  and  solid-vapor,  respectively,  m'ay  exist.  Every  line 
parallel  to  an  axis  within  the  areas  APC^  APB,  BPC,  is  made  up  of 
points  representing  the  several  temperatures  for  every  indicated  pressure 
and  the  several  pressures  for  every  indicated  temperature  at  which  the 
bivariant  systems  of  water  vapor,  liquid  water,  and  solid  water,  respec- 
tively, may  exist 

Hetastable  Under  exceptional  circumstances,  the  existence  of  a  phase 

Phase.  may  sometimes  be  continued  when  it  might  ordinarily  be  ex- 

pected to  disappear.  For  example,  if  pure  water  is  kept  perfectly  still, 
it  may  be  cooled  below  o**  without  freezing,  though  contact  with  ice  may 
induce  immediate  solidification.  The  supercooled  water  is  a  phase  less 
stable  than  ice,  and  mechanical  disturbance  converts  it  to  ice  ;  it  is  said 
to  be  the  metastabU  phase.  The  existence  of  such  a  metastable  phase 
of  water  is  indicated  by  the  line  PC. 

Critical  So  also  at  a  very  high  temperature  no  variation  of  pres- 

Condition.  sure  suffices  to  change  the  phase  of  a  component.  Water 
vapor  at  370**  may  be  condensed  to  liquid  water  by  a  pressure  of  195.5 
atmospheres,  but  above  this  temperature,  —  the  critical  temperature  of 
water, —  no  amount  of  pressure  brings  about  condensation,  and  water  can 
exist  above  370°  in  one  phase  only.  The  point  of  critical  temperature, 
370°,  and  oi  critical  pressure^  195.5  atmospheres,  of  water,  is  shown  in 
the  diagram  by  A,  the  point  at  which  the  curve  of  equilibrium  between 
liquid  water  and  water  vapor  ends. 

System  of  As  an  example  of  a  system  of  two  components^  we  may 

TwoCompo-  consider  the  case  of  the  solution  of  sodium  chloride, 
nents.  or    common   salt,  in  water.      The    components   of    the 

system  are  two,  and  the  phases  may  (if  we  exclude  the  possibility  of  a 
chemical  combination  of  the  salt  with  water)  be  four,  three,  or  two  in 
number. 

Nonyariant  At  a  temperature  sufficiently  low,  the  system  made  up  of 
System  of  the  components  in  proper  proportions  may  consist  of  solid 
Two  Compo-  salt,  ice,  saturated  salt  solution,  and  water  vapor, 
nents.  These  phases  are  only  in  equilibrium  at  one  temperature 

and  one  pressure,  and  the  system  is  nonvariant,  A  permanent  change 
of  temperature  causes  the  disappearance  of  a  phase,  the  solution  freez- 
ing or  the  ice  melting ;  a  permanent  change  of  pressure  liquefies  the 
vapor,  or  vaporizes  the  liquid  water.  In  the  event  of  change  in  either 
pressure,  temperature,  or  concentration  (for  no  arbitrary  change  of 
phase  concentration  is  possible  without  change  of  pressure  and  tem- 
perature), the  equilibrium  of  the  nonvariant  system  of  four  phases  dis- 
appears and  the  system  becomes  univariant. 

Changes  in  the  volume  of  the  nonvariant  system  which  do  not  affect 
permanently  temperature  or  pressure  may  be  made,  however,  as  in  the 
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nonvariant  system  of  one  component^  without  affecting  the  concentra- 
tions of  the  phases  or  overturning  the  equilibrium.  Suppose,  for  exam- 
ple, the  S3^tem  of  solid  salt,  ice,  saturated  salt  solution,  and  water 
vapor  to  be  contained,  at  a  constant  temperature  and  pressure,  in 
the  experimental  cylinder  closed  by  a  movable  piston.  When  the 
piston  is  drawn  out,  the  volume  to  be  filled  by  vapor  is  increased,  and 
water  will  evaporate  from  the  solution  to  fill  the  space  at  the  given 
pressure  and  temperature.  As  the  water  is  removed,  salt  will  be 
deposited  from  the  solution,  but  so  long  as  any  liquid  water  remains, 
the  concentration  of  the  solution,  as  well  as  that  of  the  vapor  above  it 
and  that  of  the  salt  deposited  from  it,  will  be  unchanged.  Should  all 
the  water  be  vaporized,  the  solution  phase  disappears  and  the  system 
becomes  univariant. 

When  the  piston  is  pushed  in,  vapor  is  condensed  and  more  liquid 
water  dissolves  more  solid  salt,  but  the  concentrations  of  vapor,  solu- 
tion, and  solid  remain  unchanged  so  long  as  any  space  remains  to  be 
filled  with  vaj)or.  When  no  more  space  remains  for  the  vapor,  the 
vapor  phase  disappears  and  the  system  becomes  univariant. 

There  is  but  one  temperature,  one  pressure,  and  one  set  of  concen- 
trations at  which  the  nonvariant  system  exists. 

UniraxiaBt  ^^  ^^^  conditions  of  temperature,  pressure,  and  phase  con- 

System  of  centration  are  such  that  the  S3rstem  consists  of  three  phases, 
Two  Compo-  —  solid  salt,  saturated  solution,  and  water  vapor,  —  the  sys- 
**•"*••  tem  is  univariant     In  such  a  univariant  system,  one  of  the 

determining  conditions,  either  the  temperature,  pressure,  or  phase  con- 
centration, may  be  varied  within  limits  without  disturbing  equilibrium 
between  the  phases.  Thus,  when  the  temperature  is  raised  or  lowered, 
new  concentrations  are  established,  notably  for  the  solution  by  reason 
of  variations  in  solvent  power,  and  a  new  pressure  must  be  fixed  to 
counteract  the  changed  vapor  tension,  but  equilibrium  may  continue  if 
the  amount  of  variation  does  not  go  far  enough  to  cause  all  the  salt  to 
dissolve.  Variation  of  pressure  implies  the  fixing  of  a  new  temperature 
to  secure  the  necessary  vapor  tension  to  oppose  condensation  of  the 
vapor  and  the  consequent  changes  in  concentration,  notably  of  the 
solution,  but  the  equilibrium  may  be  maintained  provided  some  salt 
remains  undissolved.  Arbitrary  change  of  concentration  can  be  brought 
about  only  by  correlated  change  of  temperature  and  pressure. 

Changes  of  volume  not  involving  changes  of  temperature  or  pressure 
may  be  made  within  limits  without  involving  changes  of  concentration. 
SupfKJse  the  system  of  solid  salt,  salt  solution,  and  water  vapor  to 
be  contained  in  the  experimental  cylinder  closed  by  a  movable  piston. 
At  a  constant  temperature  the  vapor  pressure  is  constant  for  a  given 
volume,  and  so  for  a  given  position  of  the  piston.  When  the  piston  is 
drawn  out,  the  volume  is  increased,  and  more  water  will  evaporate  into 
the  enlarged  space.  The  amount  of  water  in  the  saturated  solution 
being  diminished,  some  of  the  dissolved  salt  will  be  deposited  in  the 
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solid  phase.  So  long  as  there  is  enough  water  in  the  system  to  supply 
both  liquid  and  vapor,  the  equilibrium  is  preserved  between  the  existing 
phases,  and  the  concentration  of  the  phases  remain  the  same.  When, 
on  the  other  hand,  the  volume  of  the  system  is  diminished,  by  pushing 
the  piston  inward,  vapor  will  condense  to  form  liquid  water,  more  of  the 
solid  in  contact  with  the  liquid  water  will  dissolve,  and  less  solid  salt  will 
remain.  The  concentrations  of  each  of  the  phases,  however,  will  remain 
the  same,  so  long  as  any  space  is  left  for  vapor  besides  that  filled  by  the 
solid  and  solution.  When  no  more  space  is  left  for  vapor,  that  phase 
disappears  and  the  system  is  transformed  to  a  bivariant  system.  For 
the  univariant  system  of  solid  salt,  salt  solution,  and  water  vapor  there 
is  for  each  of  many  temperatures  one  pressure  and  one  set  of  concen- 
trations, for  each  of  many  pressures  one  temperature  and  one  set  of 
concentrations,  and  for  each  of  many  sets  of  concentrations  one  tem- 
perature and  one  pressure  at  which  the  equilibrium  of  the  phases  may 
exist. 

When  variation  of  volume  of  the  univariant  system  of  solid  salt,  salt 
solution,  and  water  vapor  is  earned  so  far  that  for  a  given  temperature 
the  pressure  cannot  be  kept  constant  by  the  conversion  of  more  liquid 
to  vapor  or  of  more  vapor  to  liquid,  equilibrium  can  no  longer  be  pre- 
served, a  phase  will  disappear,  and  the  system  will  become  bivariant. 
Thus,  a  permanent  diminution  of  pressure  below  the  equilibrium  pres- 
sure will  cause  the  water  of  the  solution  to  vaporize  until  only  the  solid 
salt  and  the  water  vapor  will  remain ;  similarly,  an  increase  of  pressure 
above  the  equilibrium  pressure  will  condense  water  vapor  until  only  salt 
solution  and  solid  salt  are  left.  In  like  manner,  for  a  given  pressure 
similar  effects  follow  the  sufficiendy  wide  variation  of  temperature, 
permanent  increase  of  temperature  above  the  equilibrium  temperature 
vaporizing  water  and  compelling  the  disappearance  of  the  liquid  phase 
until  only  solid  salt  and  water  vapor  remain,  while  decrease  of  tempera- 
ture below  the  equilibrium  temperature  condenses  the  vapor  phase  until 
only  solid  salt  and  salt  solution  are  left. 

For  the  bivariant  systems  of  solid  salt  and  salt  solution,  of  solid 
salt  and  water  vapor,  of  salt  solution  and  water  vapor,  there  are 
many  temperatures  and  many  sets  of  concentrations  for  a  given  pres- 
sure, and  many  pressures  and  many  sets  of  concentrations  for  a  given 
temperature,  and  many  temperatures  and  many  pressures  for  a  given  set 
of  concentrations  at  which  equilibrium  of  the  phases  may  exist.  Just  as 
changes  in  the  conditions  of  pressure,  temperature,  and  concentration 
of  the  nonvariant  system  may  result  under  suitable  conditions  in  the 
transformation  of  the  nonvariant  system  to  a  univariant  system,  and 
of  the  univariant  system  to  a  bivariant  system,  so  the  reverse  changes 
in  the  conditions  of  the  system  may  result  in  the  conversion  of  a 
bivariant  system  to  a  univariant  system,  and  of  the  latter  to  a  nonvariant 
system. 

Just  as  relations  of  temperature  to  pressure  may  be  shown  diagnon- 
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matically  by  means  of  coordinates  in  a  plane,  so  relations  of  tempera- 
ture and  concentration,  or  of  pressure  and  concentration,  may  be 
illustrated  similarly ;  and  since  concentrations  depend  upon  solubilities, 
the  relations  of  temperature  or  pressure  to  the  solubilities  of  substances 
may  be  indicated  similarly.  To  represent  simultaneously  relations  be- 
tween the  three  variables,  temperature,  pressure,  and  concentration  or 
solubility,  recourse  must  be  had  to  coordinates  in  space  of  three  dimen- 
sions and  the  relations  of  surfaces  and  soUd  figures. 


CHAPTER  XI 


HEAT  AND   THERMAL  EQUIVALENTS 


Thermome- 
ter. 


In  dealing  with  the  heat  energy  of  a  substance,  or  system  of  sub- 
stances, we  note,  on  the  one  hand,  the  temperature  or  tendency  of  the 
substance  or  system  to  exchange  heat  with  other  substances,  and,  on  the 
other  hand,  the  varying  capacities  of  substances  to  absorb  or 
release  heat  for  definite  rises  or  falls  in  temperature. 
-  Temperature  changes  are  measured  by  the  effect 

ture:  the  of  heat  upon  the  volume  of  a  suitably  selected 
material,  and  ordinarily  we  use  to  indicate  such 
changes  the  mercury  thermometer^  which  consists 
of  a  capillary  glass  tube  of  uniform  bore,  ending  in  a  bulb 
which  is  filled  with  mercury,  and  sealed  while  hot.  As  the 
bulb  and  tube  cool,  the  volume  of  the  mercury  diminishes,  a 
vacuous  space  is  left  in  the  tube,  and  the  mercury  stands  at 
a  point  dependent  upon  the  degree  of  cooling.  We  may  note 
the  point  at  which  the  mercury  rests  when  tube  and  bulb  are 
immersed  in  a  mixture  of  melting  ice  and  water  and  call  it 
the  0°  of  our  scale ;  warming  the  tube  and  bulb  again,  we  may 
^r.  the  point  at  which  the  mercury  rests  when  surrounded  by 
steam  under  a  pressure  of  760  mm.  at  the  sea  level  and  in 
latitude  45°  and  call  it  100° ;  and  then  if  we  divide  the  space 
between  0°  and  100°  into  one  hundred  parts,  and  extend  the 
divisions  proportionately  below  0°  and  above  100**,  we  have 
a  thermometer  graduated  on  the  centigrade  scale. 

For  scientific  purposes  this  is  the  thermoraetric 
scale  in  ordinary  use,  but  it  is  plain  that  the  mode 
of  graduation  is  arbitrary  and  that  we  might  use 
any  other  proportional  division  of  the  thermometer 
stem  which  seemed  to  be  desirable.  We  find  it 
of  frequent  advantage,  for  example,  to  make  use  of  another  scale  upon 
which  0°  centigrade  shall  be  273°,  and  100®  centigrade  shall  be  373**. 
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This  is  the  absolute  scale ^  and  it  is,  as  we  have  seen,  very  convenient 
when  we  have  to  follow  changes  of  volume  of  a  gas  as  the  temperature 
changes,  because  a  change  of  every  degree  upon 
this  scale  corresponds  to  a  change  of  nearly  -^X^ 
of  the  volume  of  the  gas  at  273°  absolute  or  at 
o®  centigrade. 

The  Common  ^s  a  unit  of  capacity  for  heat  we 
Calorie.  may  take  the  amount  of  heat  neces- 

sary to  raise  a  given  weight  of  any  selected  sub- 
stance through  a  given  interval  of  temperature. 
There  are  several  recognized  "units  of  heat,"  of 
which  the  one  most  convenient  for  our  purpose 
is  the  common  calorie^  or  the  amount  of  heat 
necessary  to  raise  by  i**  the  temperature  of  i  grm. 
of  water  taken  at  18**.  Sometimes  the  water  is 
taken  at  0°  instead  of  at  18°,  and  then  the  calorie 
differs  from  the  common  calorie  by  about  y^j^ 
of  its  value. 


'tis 


Specific 
Heat. 


The  quantify  of  heat  required  to  Fig.  36. -Centigrade and 


raise  the  temperature  of  i  gram  of  a 
substance  /°,  stated  in  terms  of  the  quantity  of  heat  required  to  raise 
the  temperature  of  i  gram  of  water  i^  at  /^°,  is  the  specific  heat  of 
the  substarfce, 

A  study  of  the  specific  heats  of  the  elementary  substances 
Heats  of  brings  out  an  interesting  relationship  between  the  specific 
Solid  heats  and  the  chemical  equivalents  of  the  elements.    Dulong 

and  Petit  showed,  in  181 9,  that  the  product  obtained  by  mul- 
tiplying the  specific  heats  of  certain  solid  elements  by  their  common  chemical 
equivalents  is  an  approximately  constant  quantity^  6 ;  and  that  in  the 
case  of  some  other  elements  the  product  of  the  specific  heat  by  a  simple 
multiple  or  fraction  of  the  common  equivalent  is  approximately  the  same 
constant  quantity^  6,  In  spite  of  the  obstacles  in  the  way  of  very  exact 
determinations  of  specific  heats,  such  as  difficulties  in  manipulation  and 
in  the  preparation  of  pure  materials,  and  the  fact  that  specific  heats  are 
somewhat  variable  with  the  physical  condition  of  the  elements,  the  rule 
of  Dulong  and  Petit  has  been  extended  by  many  investigators,  among 
whom  Regnault  was  prominent,  to  include  a  large  number  of  the  ele- 
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nietits,  provided  the  specific  heats  are  determined  for  the  element  in 

solid  form  and  at  a  temperature  not  too  near  the  melting  point 

The  specific  heats  of  the  elements  in  the  gaseous  condition  and  in  the 

liquid  condition,  excepting  mercury,  do  not,  so  far  as  they  have   been 

examined,  follow  the  rule  of  Dulong  and  Petit ;  and  four  solid  elements 

of  low  equivalent  weight,  glucinum,  boron,  carbon,  silicon,  which   show 

unusually  variable  specific  heats  as  the  temperature  rises,  follow  the   rule 

even  approximately  only  at  high  temperatures.    That  the  ordinarily 

gaseous  elements,  hydrogen,  nitrogen,  oxygen,  chlorine,  should    not 

come  within  the  rule  of  Dulong  and  Petit  is  not  surprising,  since  we 

know  that  change  of  phase  involves  great  change  in  the  specific   heat, 

water,  for  example,  at  i8^  having  a  specific  heat  which  we  make  i 

common  calorie,  while  the  specific  heat  of  ice  is  0.502  common  calories, 

and  that  of  steam  is  0.37  common  calories. 

Jf  we  let  E  stand  for  the  equivalent  of  an  element,  n  for  a 

simple  number  or  fraction,  and  h  for  the  specific  heat  of  the 

element,  then 

nEh  =  6  (approximately). 

Thus  for  magnesium,  which  has  a  specific  heat  of  0.250 
common  calories  and  an  equivalent  of  24.36  we  have 

nEh  =  I  X  24.36  X  0.250  =  6.09 

and  similar  results  follow  for  other  elements. 


Sp0dic 
Heats  and 
Chemical 
EqdiYalents 
of  Sleme^ts. 


Chemical  Equivalents  and  Specific  Heats 


Elbmbmt            Simple  NumbbIt  Chbmical  Equiva- 

SpBCtnc  Hbat 

l^Bflntw.^ 

• 

OR 

Fkaction 

LENT 

Com.  Cal. 

JTKWUx,  A 

n 

X 

E 

X 

h 

:= 

Carbon,  at  078 

0 

{'. 

X 

6.00 

X 

0463 

= 

5.56 

'            ^  § 

X 

12.00 

X 

0.463 

^ 

5.S6 

Copper    . 

{\ 

X 

63.6 

X 

0.095 

r= 

6^04 

X 

127.2 

X 

0.095 

= 

6j04 

Iodine     . 

I 

X 

126.97 

X 

0.054 

= 

6.88 

Iron 

I 

X 

55.9 

X 

0.112 

= 

6.26 

Lead 

I 

X 

206.9 

X 

0.031 

= 

64a 

Magnesium 

I 

X 

24.36 

X 

0.250 

=: 

tjo^ 

Mercury  . 

I 

X 

200.0 

X 

0.032 

= 

640 

Platinum 

I 

X 

194.8 

X 

0.032 

^^ 

6.23 

Potassium 

i 

X 

78.30 

X 

0.166 

:= 

6.50 

Sodium   . 

i 

X 

46.10 

X 

0.293 

=s 

6.75 

Sulphur  . 

I 

X 

32.06 

X 

0.178 

r= 

5-71 

Zinc 

I 

X 

65.4 

X 

0.093 

= 

6.0S 
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Now,  reversing  the  procedure,  and  dividing  the  approximate  average, 
6,  by  the  specific  heats  of  the  elements,  numbers  may  be  obtained  which 
represent  weights  of  approximately  equal  heat  capacity,  and  these  weights 
prove  to  be  nearly  identical  with  the  common  chemical  equivalents,  or 
with  simple  multiples  or  fractions  of  the  common  chemical  equivalents. 
It  is  not  unreasonable  to  suppose  that  the  weights  of  equal  heat  capacity 
are  the  common  chemical  equivalents,  or  simple  fractions  or  multiples 
of  the  common  chemical  equivalents. 

Thermal  Uy^t  make  this  supposition  and  then  call  weights  of  equal 

Bqnivjaents  heat  capacity  thermal  equivalents^  we  may  say  that  the  ther^ 
of  Elemeiita.  ^^j  equivalent  of  an  element  is  either  the  common  chemical 
equivalent^  or  else  that  simple  fraction  or  multiple  of  the  common  chemi- 
cal equivalent  which  approximates  most  closely  to  the  number  obtained  by 
dividing  6  by  the  specific  heat  of  the  solid  element. 

Following  we  have  a  list  of  the  thermal  equivalents  thus  derived 
from  the  preceding  table: 


Thermal  Equivalents 

(Weights  of  Equal  Heat  Capacity) 


Carbon 12.00 

Copper 63.6 

Iodine 126,97 

Iron 55.9 

Lead 206.9 

Magnesium 24.36 


Mercury     ...•••  200.0 

Platinum 194.8 

Potassium 39- 15 

Sodium 23.05 

Sulphur 32.06 

Zinc 65.4 


This  relation  of  the  thermal  equivalents  to  the  chemical  equivalents 
brings  up  the  idea  suggested  in  the  law  of  multiple  proportions,  that  the 
common  chemical  equivalents  of  the  elements  may  in  reality  be  made 
up  of  individual  masses  of  the  elements  taken  in  simple  aggregations. 
This  is  a  point  to  which  we  shall  recur. 

SpecUU  ^^  appears  ufton  investigation  of  the  specific  heats  of  com- 

Heats  of  pounds  that  in  many  cases  the  specific  heat  of  a  solid  com- 
Compoo  .  pQm^^  |g  determined  by  the  heat  capacities  of  the  component 
elements ;  and  that  the  product  of  the  equivalent  into  the  specific  heat 
when  divided  by  the  number  of  thermal  equivalents  approximates 
the  number  6.    For  example,  lead  iodide,  consisting  of  44.896  per  cent. 
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of  lead  and  55.104  pur  cent,  of  iodine,  has  a  specific  heat  of  0.0427 

com.  cal.     The  number  206  9  represents  the  thermal   equivalent,  as 

well  as  the  chemical  equivalent,  of  lead ;   so  the  amount  of  iodine 

combined  with  one  equivalent  of  lead  in  lead  iodide  is  found  by  the 

proportion : 

44-896  :55-'04  =  206.9  ij;  (-^=253.94) 

The  number  253.94  represents  the  equivalents,  chemical  and  thermal, 
of  iodine ;  so  lead  iodide  must  be  put  together  in  proportions  corre- 
sponding to  I  equivalent  of  lead,  206.9,  ^o  2  equivalents  of  iodine,  253.94, 
or  three  in  all,  and  making  460.84  the  equivalent  of  the  compound. 

Now  460.84  X  0.0427  =  19.68 

,  19.68      ,    , 

and  -^ — =6.56 

the  average  constant  for  each  equivalent  represented. 

Obviously  this  relation  of  the  specific  heat  of  a  compound  to  the 
specific  heats  of  its  components  makes  it  possible  to  determine  the 
number  of  thermal  equivalents  composing  the  compound,  and  so  to  get 
a  figure  for  the  thermal  equivalent  of  any  constituent  in  the  compound. 
Thus,  in  lead  iodide,  206.9  represents  i  equivalent  of  lead,  and  253.94 
represents  n  equivalents  of  iodine,  in  the  equivalent  of  the  compound, 
460.84.    Then,  the  specific  heat  of  lead  iodide  being  0.427  com.  cal., 

460.84  X  0.0427  =  19.68 

-  10.68 

and  -^  =  3+ 

the  number  of  equivalents. 

There  are,  therefore,  three  equivalents  in  the  compound,  of  which  the 
number  206.9  represents  i  equivalent  of  lead,  while  460.84—  206.9,  ^^ 
253.94  represents  2  equivalents  of  iodine.  So  126.97  ™"st  be  the 
thermal  equivalent  of  iodine,  and  this  corresponds  to  the  thermal 
equivalent  fixed  directly  by  the  specific  heat  of  solid  iodine. 

For  lead  chloride,  composed  of  74.477  percent,  of  leadaiid  25.523  per 
cent,  of  chlorine,  an  element  of  unknown  thermal  equivalent,  the  specific 
heat  is  found  to  be  0.0644  com.  cal.     By  the  proportion, 

74.477  :  25.523  =  206.9  '-x  {x  =  70.90) 

we  find  the  weight,  70.90,  of  chlorine  which  is  associated  with  one 
equivalent  of  lead,  206.9,  in  the  equivalent  of  the  compound,  277.80. 
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Now  277.80  X  0.0644  =  17-89 

and  i^  =  3- 

6  ^ 

the  number  of  equivalents. 

So  it  appears  that  in  an  equivalent  of  lead  chloride  there  are  three 
equivalents  of  the  elements  lead  and  chlorine,  of  which  one  is  lead. 
The  number  70.90  must  stand  for  two  equivalents  of  chlorine,  and  the 
thermal  equivalent  of  chlorine  in  the  compound  is  35.45. 

The  thermal  equivalents  of  other  elements  may  be  studied  similarly. 
Experiment  has  shown,  however,  that  those  elements  which,  when  free, 
do  not  follow  the  rule  of  Dulong  and  Petit,  do  not  generally  obey  the 
rule  when  in  combination.  Thus  the  compounds  of  glucinum,  boron, 
carbon,  and  silicon  give  in  combination  low  values  for  the  specific  heats, 
as  they  do  in  free  condition  unless  the  temperature  is  very  high.  The 
gaseous  elements,  hydrogen,  nitrogen,  oxygen,  are  likewise  irregular  in 
behavior  and  both  free  and  combined  are  exceptions  lo  the  rule. 

We  shall  have  occasion  to  return  soon  to  a  consideration  of  the  ther- 
mal equivalents  in  their  relation  to  electrical  equivalents  and  chemical 
equivalents. 

jl^^^  The  heat  changes  involved  in  chemical  reactions  may  be 

Changes  in  determined  ^and  expressed  in  common  calories.  Substances 
Reactions.  xesLCt,  as  we  know,  in  equivalent  proportions,  and  in  dealing 
with  weighed  .amounts  of  material  we  find  it  convenient  to  speak  of  the 
quantities  in  grams  which  are  proportional  to  the  equivalents  as  gram- 
Gram-  equivalents.  Thus,  2.015  grm.  of  hydrogen  and  16  grm.  of 
equivalents,  oxygen  and  18.015  grm.  of  water  are  a  gram-equivalent  of 
hydrogen,  a  gram -equivalent  of  oxygen,  and  a  gram-equivalent  of  water, 
respectively.  When  a  gram-equivalent  of  hydrogen  combines  with  a 
gram -equivalent  of  oxygen  to  produce  a  gram-equivalent  of  water,  heat 
is  evolved.  The  exact  amount  liberated  depends  to  some  extent  upon 
the  physical  condition  of  the  water  formed.  If  the  water  formed 
remains  gaseous,  the  amount  of  heat  evolved  is  different  from  that  set 
free  if  the  water  is  condensed  to  liquid,  since  in  the  condensation  latent 
heat  is  liberated.  When  a  gram- equivalent  of  hydrogen  and  a  gram- 
equivalent  of  oxygen  are  taken  at  18°,  and  the  water  formed  is  con- 
densed to  the  liquid  condition  at  18°,  the  heat  evolved  amounts  to 
68,360  common  calories ;  while  that  evolved  when  hydrogen  and  oxygen 
at  100°  form  gaseous  water  at  100°  amounts  to  58,000  common  calories. 
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These  conditions  may  be  expressed  by  the  equations : 

Hydrogen  +  Oxygen         =  Liquid  Water    -f  68^60  com.  caL 

I  grm.-equiv.  i  grm.-equiv.     I  grm.-equiv. 

Hydrogen  +  Oxygen         =  Gaseous  Water  +  ^8^000  com.  cal, 

I  grm.-equiv.  1  grm.-equiv.     I  grm.-equiv.  • 

To  reproduce  the  elements  hydrogen  and  oxygen  from  water  it  is 
necessary  to  add  from  without  58,000  common  calories  of  heat  for  every 
gram-equivalent  of  gaseous  water  decomposed,  and  68,360  coainion 
calories  of  heat  for  every  gram -equivalent  of  liquid  water  decomposed. 
Heat  of  ^^^^  ^^^^  effect  noted  when  a  compound  is  formed  from  its 

Formation  of  elements  in  definite  physical  condition  is  knotvn  as  the  h^at 
Compounds,  qf  formation  of  tlie  substance  for  that  condition  ;  and  in  th^ 
process  by  which  the  elements  are  again  separated  an  exactly  equivalent 
heat  effect  is  obsen^edy  but  in  the  opposite  direction.  This  was  shown  to 
be  the  case  by  Lavoisier  and  Laplace. 

Heat  Effect  Hess  was  the  first  to  point  out,  in  1840,  that  the  ther^naJ 
of  Reactions,  effect  of  a  reaction  depends  solely  on  the  initial  state  and  final 
state  of  the  system  and  not  at  all  upon  the  intermediate  stages.  This  is 
a  principle  of  importance  in  the  interpretation  of  the  heats  of  hydration  of 
acids,  bases,  and  salts,  and  the  heats  of  formation  of  many  compounds. 

Let  us,  for  example,  determine  the  heat  of  formation  of  calcium  chlo- 
ride in  the  action  of  calciurh  oxide  upon  a  dilute  solution  of  hydro- 
chloric acid  to  form  a  dilute  solution  of  calcium  chloride  in  water. 

Calcium  Oxide  -|-  Hydrogen  Chloride  =  Calcium  Chloride  +  Water  -f  46,230  com.,  cat. 

(dilute  solution)         (dilute  solution) 
I  grm.-equiv.  i  grm.-equiv.  i  grm.-equiv.  I  grm.-equiv. 

56.10  grm.  72.915  grm.  iii  grm.        18.015  grm. 

Now  let  US  take  the  reaction  in  stages,  first  forming  calcium  hydroxide, 
then  dissolving  it  in  water,  then  neutralizing  the  solution  with  dilute 
hydrochloric  acid  to  get  the  dilute  solution  of  calcium  chloride  in  water. 

(1)  Calcium  Oxide  -f  Water  =  Calcium  Hydroxide  -f  t ^^40  com.  cat. 

I  grm.-equiv.  I  grm.-equiv.  l  grm.-equiv. 

(2)  Calcium  Hydroxide  +  Water  =  Calcium  Hydroxide  Solution  +    2,7gocom.  caL 

I  grm.-equiv.      n  grm.-equiv. 

(3)  Calcium  Hydroxide  Solution  -|-  Hydrogen  Chloride 

I  grm.-equiv. 
=  Calcium  Chloride  +  Water  -J-  2y,goo  com.  cat 

I  grm.-equiv.  I  +  »  grm.-equiv. 

Totai^    i^^S^  cmm*  cal 
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Obviously  the  summation  of  the  effects  of  the  intermediate  reactions 
gives  us  the  effect  of  proceeding  at  once  from  the  initial  stage  to  the 
final  stage. 

Exothermic  ^^^  ^"^  '*  useful  to  distinguish  between  reactions  in  which 
and  heat  is  evolved  and  reactions  in  which  heat  is  absorbed. 

ReactioM***^  -^^tfr//<?«j  in  which  heat  is  evolved  are  called  exothermic 
and  reactions y  and  reactions  in  which  heat  is  absorbed  are  called 

Compounda.  endothermic  reactions.  The  combination  of  hydrogen  with 
oxygen  is  an  exothermic  reaction,  while  the  decomposition  of  water 
into  hydrogen  and  oxygen  is  an  endothermic  reaction. 

Hydrogen        +        Oxygen        =  Hydrogen  Oxide         +        68^60  com,  caL 

I  grm.-equiv.  I  grm.-eciuiv.  I  grm.-equiv. 

Hydrogen  Oxide  =         Hydrogen  +         Oxygen          —        68^360  com.  cat. 

I  grm.-equiv.                      I  grm.-equiv.  I  grm.-equiv. 

Compounds  which  arc  formed  from  elementary  substances  with  evolu- 
tion of  heat  are  called  exothermic  compounds,  while  compounds  formed 
from  elementary  substances  with  absorption  of  heat  are  termed  endo- 
thermic compounds.  Water  is  an  exothermic  compound ;  acetylene  gas 
proves  to  be  an  endothermic  compound. 

Sometimes  reactions  are  at  once  set  up  when  substances  are  brought 
into  contact,  as  when  hydrogen  chloride  and  ammonia  gas  meet  under 
ordinary  atmospheric  conditions.  Generally  energy  must  be  supplied 
from  outside  the  system  to  start  a  reaction,  but  in  any  event  the 
reaction  once  started  may  proceed  exothermically  or  endothermically 
according  to  conditions.  Thus,  hydrogen  and  oxygen  when  mjxed  in 
proportions  to  form  >vater  remain  inactive  until  a  temperature  of  200° 
is  reached;  between  200**  and  1000°  the  reaction  proceeds  exothermi- 
cally in  the  sense  of  the  equation  : 

Hydrogen  4-  Oxygen  =  Hydrogen  Oxide 
Above  1000®  the  reverse  reaction  sets  in : 

Hydrogen  Oxide  =  Hydrogen  +  Oxygen 

At  2500°  both  reactions  are  proceeding  equally ;  and  at  still  higher 
temperatures  the  endothermic  separation  of  water  into  its  elements 
predominates.  On  cooling,  the  reaction  proceeds  exothermically  more 
and  more  until  the  temperature  is  reached  at  which  water  is  the 
sole  product.     In  general,  endothermic  comi)ounds  produced  at  high 
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heat  tend  to  act  exotherniically  as  the  temperature  falls  and  so  to 
separate  into  their  constituents.  In  acetylene,  which  may  be  produced 
from  its  elements,  carbon  and  hydrogen,  at  the  extremely  high  tem- 
perature of  the  electric  arc,  we  have  an  example  of  an  endothernaic 
substance  stable  at  high  temperatures  and  less  stable  at  lower  tem- 
peratures. At  ordinary  temperatures  endothermic  bodies  are  not 
easily  produced  unless  the  total  eifect  of  the  reaction  producing  them 
is  exothermic,  or  unless  the  energy  is  supplied  from  outside  in  the  form 
of  electricity. 

Energy  Exothermic  compounds  are  usually  more  stable   at   the 

Relations.  lower  temperatures,  and  it  appears  to  be  true  that  chemical 
reactions  which  proceed  at  ordinary  temperatures  without  accession  of 
outside  energy  are  generally,  but  not  ^always,  exothermic.  Thus,  ordi- 
nary combustions  are  exothermic  reactions,  and  so  are  the  neutralization 
processes  which  occur  spontaneously  between  acids  and  bases.  It  ap- 
pears to  be  true  that  chemical  reactions  tend  toward  the  running  down 
of  energy  in  the  system,  but  that  energy  may  disappear  by  conversion 
to  an  unavailable  form  as  well  as  by  liberation  in  the  form  of  heat ; 
and  it  frequently  happens  that  reactions  take  place  endothermically, 
that  is,  in  the  direction  not  indicated  by  the  maximum  evolution  of 
heat.  It  may,  however,  be  said  that  mos/  chemical  changes  ptoce^ti  in 
the  direction  of  the  maximum  disengagement  of  heat —  a  condition  which 
was  formerly  made  imperative  by  both  Thomson  and  Berthelot  for  all 
purely  chemical  changes. 

The  relation  between  heat  energy  and  electrical  energy  is  a  matter 
of  interest.  The  physicists  are  able  to  determine  the  mechanical  equiva- 
lents of  heat  and  electricity,  and  we  are  in  position  to  know  that  the 
electricity  applied  in  separating  el ectrolyti rally  a  gram-equivalent  of 
matter,  oxygen  being  taken  as  i6,  does  for  every  volt  of  potential  re- 
quired an  amount  of  work  equivalent  to  46,000  common  calories.  So, 
leaving  out  of  consideration  incidental  and  secondary  expenditures  of 
energy,  we  may  find  the  potential  of  current  necessary  to  decompose  a 

m 

substance  by  dividing  by  46,000  the  heat  of  formation^  expressed  in  com- 
man  calories,  of  one  gram-e<juivalent  of  the  substance.  The  following 
table  shows  the  heats  of  formation  of  gram -equivalents  of  some  of  the 
common  oxides,  and  the  voltage  of  electricity  necessary  to  bring  ahont 
the  decomposition  of  the  oxides  : 


HEAT  AND  THERMAL  EQUIVALENTS  155 

Heat  of  Formation  and  Electrical  Potential  uf  DECOHPOSmoK 
OF  Oxides 


Oxide 

Hkat  of  Formation 

ELSCTHiCAL   POTBWTIAI. 

.  GMin-B]aivaleiH 

CommMi&dorie. 

Voll. 

Sodium  Oxide  (62.1  gtm.) 

CalLiiim  OxiJe  (56.1  grm.)      .... 

Zinc  Chiide  (81.4  gtm.) 

Copper  Oxide  (79.6  grm.)  ..... 
Hydrogen  Oxide  (18.015  grn..J    .     .     . 

99,760 

130.930 
85-130 
37.' 60 
68.360 

Z.I7 
J.84 

1.85 
0.81 

m8 

The  Water  A  convenient  apparati 

Calorimeter,  the  waler  calorimtter,  a 
the  figure.  A  platinum  ve 
pieces  of  cork  within 
a  thin  copper  vessel, 
B,  which  is,  in  turn, 
supported  upon  corks 
within  a  silver  vessel, 
D,  fitted  to  a  double- 
walled  sheet-iron  ves- 
sel, C,  filled  with  water, 
to  act  as  a  heat  screen, 
and  covered  with  felt. 
All  this  elaborate  pre- 
caution is  taken  to 
keep  heat  from  enter- 
ing the  innermost  ves- 
sel of  platinum  or 
from  escaping  from  it 
unregistered.  In  the 
platinum  vessel,  fitted 
with  a  thermometer 
and  stirrer,  is  put  a 
known  weight  of  water 
whose  changing  tem- 
perature is  to  be 
noted.  Upon  the  in- 
troduction of  a  sub- 
stance of  different 
and  known  tempera- 
ture, or  of  substances 


for  measuring  quantity  of  heat  is 
ter,  a  simple  form  of  which  is  shown  in 
A,  of  about  600  cm.'  capacity,  rests  upon 
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which  by  their  reaction  upon  one  another  or  upon  the  water  produce 
thermal  change,  the  thermometer  shows  the  change  in  temperature  of 
a  known  weight  of  water,  and  so  ihe  number  of  calories  communicated 
to  the  water  and  to  the  platinum  vessel  may  be  calculated.  Corrections 
must,  of  course,  be  made  for  the  heat  capacity  of  the  platinum  vessel, 
and  for  many  sources  tif  error  included  in  the  "constant  of  the  appara- 
tus," determined  by  careful  experiment.  Such  an  apparatus  finds  use 
in  determining  the  heat  changes  involved  in  the  solution  of  substances, 
in  the  neutralization  of  acids  and  bases,  or  in  other  reactions  in  solutioo. 


Fig.  38.  —  Combuslion  Chamber.  pic.  39. Explosion  Bomb. 

/-KM  When  the  heat  evolved  in  the  combustion  of  substances  is 

Ch^ter         ^°  ^^  '''^"'"''  ^  ''"'^  chamber  in  which  definite  weights  of 

material  are  liurned  may  be  kept  within  the  calorimeter 
during  the  entire  pro<'ess.  The  fiRure  shoivs  a  little  combustion  cham- 
hcr,  thus  arrnuRi'd  for  burning  sulphur.  In  most  of  the  recent  work 
upon  heats  of  comlMisiiou  the  /-.v/Zw/fn  bomb  of  "Herthelot  has  been 
Eiplosion  '"'^'''  ^"  ^'^''^  apparntus,  a  sketch  of  which  is  sho^Ti, 
Bomb.  combustion  of  the  substance  under  examination  is  broiighl 

abniit  in  compressed  oxygen,  and  ignition  is  made  by  elec- 
tricity, the  whole  bomb  being  submerged  in  the  water  chamber  of  a 
suitable  calorimeter.  Obviously,  many  corrections  must  be  fonnd  by 
experiment  and  applied  in  order  that  the  true  deductions  may  be  made 
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from  the  observed  rise  in  the  temperature  of  the  calorimeter.     We  are 
in  possession  of  much  vahiable  information  gained  by  thi^  apparatus. 
Ice  Caloiim-        Another  form  of  calorimeter,  especially  adapted  to  the 
eter.  handling  of  small  amounts  of  material,  is  the  ice  calorimeter 

of  Bunsen,  in  which  the  quantity  of  heat  conniiunicated  is  measured  by 
the  amount  of  ice  melted  to  water,  and  determined  by  the  contraction 
of  a  mass  of  ice  and  water.  This  calorimeter  consists  of  a  test-tube,  7) 
sealed  into  a  bulb,  6",  to  which  is  fused  a  capillary  graduated  tube. 
Water  and  mercury  are  introduced  by  judicious  manipulation,  with  heat- 
ing and  cooling,  until  they  occupy  the  relative  position  shown  in  this 
figure.  By  running  through  the  test-tube  a  current  of  alcohol  cooled 
below  o°,  ice  may  be  frozen  in  the  bulb.  After  removing  the  alcohol 
and  replacing  it  by  a  little  water  the  apparatus  is  placed  in  a  vessel 
filled  with  snow  to  prevent  accession  of  outside 
heat,  and  after  standing  some  time,  the  whole, 
mercury,  water,  ice,  attains  a  temperature  of  o°, 
and  the  mercury  stands  at  a  constant  level  in 
the  capillary  tube.  Any  melting  of  the  ice 
about  the  test-tube  must  change  the  volume 
of  ice  and  water  in  the  bulb  and  cause  propor- 
tional movement  of  the  mercury  in  the  tube. 
To  determine  the  heat  liberated  by  a  known 
w^eight  of  a  substance  when  cooled  through 
a  given  range  of  temperature,  it  is  only  neces- 
sary to  heat  the  substance  to  a  definite  tem- 
perature, as  for  example  to  ioo°  in  a  test-tube 
placed  in  a  current  of  steam,  and  then  to  drop 
the  substance  as  quickly  as  may  be  into  the 
test-tube  of  the  calorimeter.  The  substance 
gives  heat  to  the  water  and  is  cooled  to  o°,  the 

water  passes  on  the  heat  to  the  ice  and  water  in  the  bulb,  being  itself 
thereby  cooled  to  o°,  and  the  whole  apparatus  assumes  the  original  tem- 
perature, the  only  change  being  the  melting  of  ice  at  o°  to  water  at  o°, 
and  the  consequent  definite  change  of  volume  corresponding  to  the 
definite  addition  of  heat. 

It  is  plain  that  different  quantities  of  heat  transmitted  from  the  water 
in  the  test-tube  to  the  ice  and  water  in  the  bulb  are  brought  into  com- 
parison when  the  movements  of  the  mercury  in  the  capillary  tube  are 
noted.  Very  small  quantities  of  material  may  be  handled  in  this  way, 
and  to  Bunsen  and  his  pupils  we  owe  the  determination  of  the  amounts 
of  heat  liberated'  from  definite  small  quantities  of  rare  materials  when 
cooled  from  ioo°  to  o°.  Inasmuch  as  a  substance  loses  as  much  heat 
when  cooled  through  a  definite  interval  of  temperature  as  it  takes  up 
when  heated  through  the  same  interval  of  temperature,  these  calorimetric 
determinations  show  the  relative  capacities  of  substances  for  taking  up 
heat  through  definite  rise  of  temperature. 


Fig.  40.  —  Ice  Calorimeter. 


CHAPTER  XII 

CHEMICAL  MASS-UNITS  AND  SYMBOLS 

Equiyalents  In  our  study  of  the  composition  of  the  series  of  nitrogen 
of  Oxygen,  oxides,  it  was  shown  that  when  the  weights  of  nitrogen  are 
taken  as  fixed  at  28.08  throughout  the  series,  the  weights  of  oxygen 
appear  as  16  and  simple  multiples  of  16,  the  number  which  we  have 
taken  as  the  fixed  equivalent  of  oxygen.  Thus,  in  the  series  of  five  nitro- 
gen oxides,  we  have  successively  combined  with  28.08  parts  by  weight 
of  nitrogen  i  x  16,  2  x  16,  3  X  16,  4  x  16,  and  5X16  parts  by  weight 
of  oxygen  respectively,  these  numbers  representing  i,  2,  3,  4,  5  equiva- 
lents of  oxygen  respectively,  combined  with  1  equivalent  of  nitrogen 
taken  as  28.08. 


Equivalents  of  Oxygen  in  Nitrogen  Oxides 


Nitrogen  Oxide 

Nitrogen 

OXYCBN 

Nitrogen  monoxide         .... 

28.08  (l) 

16.00  (1  X  16.00) 

Nitrogen  dioxide 

28.08  (l) 

32.00  (2  X  16.00) 

Nitrogen  trioxide 

28.08  (I) 

48.00  (3  X  16.00) 

Nitrogen  tetroxide .         . 

28.08  (I) 

64.00  (4  X  16.00) 

Nitrogen  pentoxide         .... 

28.08  (0 

80.00  (5  X  16.00) 

Now,  if  we  assume,  as  has  been  previously  suggested, 
Masses  and     ^bat  oxygen  enters  into  its  compounds  in  individual  masses 

Equivalents  which  have  a  definite  and  invariable  weight,  and  that 
of  Oxygen.  ,  1    ..,-.,     , 

nitrogen  also  enters  mto  its  compounds  in  individual  masses 

of  another  definite  and  invariable  weight,  then  these  peculiar  numerical 
relations  seem  to  be  natural,  since  the  proportions  by  weight  of  oxygtn 
and  nitrogen  in  the  nitrogen  oxides  now  appear  to  be  due  to  the  aggrega- 
tion in  varying  numbers  of  individual  masses  of  tluse  elements, 
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Thus,  if  we  take  the  equivalent  of  oxygen,  16,  as  the  weight  of  the 
individual  mass  of  oxygen,  and  the  equivalent  of  nitrogen  in  nitrogen 
monoxide,  28.08,  as  the  weight  of  the  individual  mass  of  nitrogen,  then 
it  appears  that  any  given  weight  of  nitrogen  monoxide  must  be  made 
up  of  individual  masses  of  nitrogen  and  individual  masses  of  oxygen 
combined  in  definite  equal  numbers,  or  in  the  proportion  1:1;  that 
any  given  weight  of  nitrogen  dioxide  must  be  made  up  of  definite  num- 
bers of  individual  masses  of  nitrogen  and  individual  masses  of  oxygen 
combined  in  the  proportion  1:2;  and  that  given  weights  of  nitrogen 
trioxitle,  nitrogen  tetroxide,  and  nitrogen  pentoxide  must  be  made  up 
of  individual  masses  of  nitrogen  and  individual  masses  of  oxygen  com- 
bined in  definite  numbers  in  the  proportions  1:3,  1:4,  and  1:5, 
respectively. 

Or,  should  we  prefer  to  take  the  number  14.04,  one  half  the  equiva- 
lent of  nitrogen  in  nitrogen  monoxide,  to  represent  the  weight  of  the 
individual  mass  of  nitrogen  relative  to  the  individual  mass  of  oxygen 
taken  as  16,  we  should  have  another  series  of  proportions,  namely,  2:1, 
2  :  2,  2  :  3,  2  :  4,  2  :  5,  to  represent  the  relative  numbers  of  individual 
masses  of  nitrogen  and  oxygen  in  combination  in  equal  given  weights 
of  the  nitrogen  oxides.  ' 

In  either  event  the  numbers  i,"  2,  3,  4,  5,  representing 
Masses  of      simple  multiples  of  the  weight  of  the  individual  mass  of 

Elements  in    oxygen  which  appear  throughout  the  series  for  the  same 

Comt^instion.  ^ 

weight  of  nitrogen,  express  the  proportionate  numbers  of 

individual  masses  of  oxygen  which  are  in  combination  with  the  same 
number  of  individual  masses  of  nitrogen  in  the  nitrogen  oxides.  In  the 
combination  of  individual  masses  of  nitrogen  with  individual  masses  of 
oxygen  in  definite  numbers,  we  may  find  explanation  of  the  numerical 
relations  of  the  equivalents  of  nitrogen  and  oxygen  found  in  the  nitrogen 
oxides.  In  general,  the  relations  of  the  equivalents  of  elements  entering 
into  combination  may  be  explained  upon  the  assumption  that  the  elements 
enter  into  compounds  in  individual  masses  which  act  as  units  in  chemical 
action. 

Now  let  us  recall  our  experience  with  electrical  equiva- 
Thennal         lents  and  thermal  equivalents  in  their  relation  to  chemical 
Equivalent     equivalents.     Since  the  electrical  e(iuivalent  of  an  element, 
^^  *^*iilt.      ^*^^  ^y  Faraday*s  Law,  is  identical  with  the  chemical  equiva- 
lent, and  like  the  chemical  equivalent  is  different  in  many 
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compounds  and  reactions,  the  electrical  equivalent  throws  no  further 
light  on  the  relations  of  the  individual  masses.  On  the  other  hand,  the 
thermal  equwalents  of  all  elements  which  come  within  the  rule  of  Du long 
and  Petit  appear  to  be  invariable  ^  whether  the  elements  are  free  or  com- 
binedy  and  to  represent  masses  of  the  elements  of  equal  heat  capacity. 
This  fact  suggests  that  the  thermal  equivalents  of  the  elements,  repre- 
senting masses  of  matter  of  definite  heat  capacity,  may  very  reasonably 
be  taken  to  be  aggregations  in  equal  numbers  of  the  individual  masses 
which  acts  as  units  in  chemical  action.  IVe  may,  therefore,  reasonably 
take  the  thermal  equivalent  of  an  element  to  represent  the  weight  of  the 
individual  mass  of  the  element,  by  the  assumption  of  which  we  find  ex- 
planation for  the  definite  composition  of  individual  compounds,  and  for 
the  simple  numerical  relations  of  the  equivalents  of  elements  in  com- 
bination. So  we  may  arrange  a  series  of  numbers,  each  of  which,  with 
the  exception  of  a  very  few,  represents  at  the  same  time  the  invariable 
thermal  equivalent  and  the  weight  of  the  individual  mass,  or,  as  we  may 
for  convenience  call  it,  the  mass-unit  of  the  element,  in  terms  of  the 
equivalent  of  oxygen,  assumed  to  be  the  mass-unit  of  oxygen,  taken  as 
i6.  For  oxygen,  nitrogen,  and  hydrogen,  ivhich  are  gaseous  elements, 
and  do  not  follow  the  rule  of  Dulong  and  Petit,  we  shall  assume  arbi- 
trarily that  the  equivalents  i6,  14.04,  and  i.ooys  represent  respectrvth 
weights  of  the  mass- units.  In  subsequent  study  of  the  compounds 
into  which  these  elements  'enter,  we  shall  find  this  assumption  to  be 
justified. 

With  the  adoption  of  the  idea  of  the  mass-unit  of"  the  element,  the 
equivalent  of  an  element  or  compound  appears  to  represent  an  a^re- 
gation  of  mass-units  of  the  same  kind  or  of  different  kinds  in  definite 
Kass-anit  number.  The  mass-unit  weight  of  an  element  is  a  simple 
Weight.  equivalent  of  the  element,  and  the  simple  equivalent  of  a  com- 
pound is  that  particular  equivalent  which  is  expressed  by  the  simplest 
aggregation  of  mass-units. 

Mass-anit  If»  therefore,  we  take  convenient  characters  to  represent 

Symbols.  single  mass- units  of  the  elements,  it  is  clear  that  the  compo- 
sition of  any  individual  compound  may  be  represented  by  the  combination 
of  characters  for  the  individual  mass-units  making  up  the  simple  equiva- 
lent of  the  compound. 

For  the  symbol  of  a  single  mass-unit  of  an  element  it  is  usual  to  take 
the  initial  letter  of  the  English  name  of  the  element,  or  two  letter* 
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selected  from  the  name  in  case  the  initial  letter  has  been  previously 
appropriated  to  indicate  some  other  element,  or  one  or  two  letters  taken 
from  the  Latin  name. 

In  the  following  table  are  given  the  accepted  symbols  of  the  mass- 
units  of  some  common  elements,  with  their  mass-unit  weights,  the 
mass-unit  weight  of  the  oxygen  being  taken  as  1 6 : 

Mass-unfts  of  Elements 


Elbmbnt 


Bismuth 

Calcium 

Carbon •         • 

Chlorine 

Copper  (Cuprum) 

Hydrogen 

lo'Iine       ••••••• 

Iron  (Ferrum) 

Lead  (Plumbum) 

Magnesium 

Mercury  (Hydrargyrum)  .        .        •        . 

Nitrogen 

Oxygen 

Potassium  (Kalium) 

Silver  (Argentum) 

So<iium  (Natrium) 

Sulphur 

Zinc 


Symbol  of 

Weight  of 

Mass-unit 

Mass  uNrr 

Bi 

208.5 

Ca 

40.1 

C 

12.00 

a 

35-45 

Cu 

63.6 

H 

1.0075 

I 

126.97 

Fe 

55.9 

Pb 

206.9 

Mg 

24.36 

Hg 

200.0 

N 

14.04 

0 

16.00 

K 

39.  IS 

Ag 

107.93 

Na 

23.05 

S 

32.06 

Zn 

6sA 

EaniTalent  When  we  know  the  proportionate  composition  of  any 
Symbols  of  compound,  as  determined  by  analysis,  and  the  mass-unit 
Compounds,  ^ejghtg  q(  the  constituent  elements,  it  is  easy  to  find  the 
proportionate  numbers  of  the  mass-units  which  will  express  in  the  sim- 
plest way  the  proportionate  composition  of  the  simple  equivalent,  and 
so  to  make  the  *'  equivalent  symbol  '*  of  the  compound.  Thus,  we  know 
by  analysis  that  100  parts  by  weight  of  water  contain  11. 18  parts  by 
weight  of  hydrogen  and  88.82  parts  by  weight  of  oxygen.  We  know, 
also,  that  the  mass-unit  of  hydrogen  weighs  1.0075  ^^^  ^^®  mass-imit 
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of  oxygen  i6.  Our  problem  is  to  find  the  simple  ratio  of  numbers 
of  mass-units  which  will  express  the  composition  of  water.  Obviously, 
the  ratio  of  these  numbers  will  be  the  ratio  of  the  quotients  11.18  -5- 
1.0075  and  88.82 -f-  16,  or  11.10:5.55.  These  numbers  stand  in  the 
simple  ratio  of  2  :  i,  so  the  equivalent  symbol  of  water  will  be  made  up 
of  2  mass-units  of  hydrogen  and  i  mass-unit  of  oxygen. 

The  equivalent  symbol  of  water  will  be  HHO,  and  expressing  the 
repetition  of  the  mass-unit  symbol  by  a  figure  placed  to  the  right  and 
below  that  symbol,  we  have  HqO  for  the  equivalent  symbol  of  water. 

Similarly,  since  carbon  dioxide  consists  of  72.73  parts  by  weight  of 
oxygen,  and  27.27  parts  by  weight  of  carbon,  and  the  mass-unit  weights 
of  oxygen  and  carbon  are  16  and  12  respectively,  we  find  that  CO2  is 
the  equivalent  symbol  of  carbon  dioxide. 

In  general,  zae  may  make  the  equivalent  symbol  of  a  compound  by 
dividing  the  percentage  proportions  of  the  individual  constituents  gitf^n  in 
the  analysis  of  the  compound  by  the  weights  of  the  mass-units  of  the 
respective  constituents,  and  writing  the  whole  numbers  which  express 
most  simply  the  ratio  of  these  quotients  against  the  respective  mass-unit 
symbols  placed  together.  We  frequently  speak  of  the  equivalent  symbol 
as  simply  the  symbol  of  the  compound. 

The  equivalent  symbol  of  a  compound  indicates  : 

(i)    The  constituent  elements  of  the  compound  ; 

(2)  The  number  of  mass-units  of  each  kind  which  make  up  the 
simplest  equivalent ; 

(3)  The  proportionate  composition  by  weight  of  the  simple  equiva- 
lent, the  mass-unit  weight  of  oxygen  being  taken  as  16  ; 

(4)  The  proportionate  composition  by  weight  of  the  compound  in 
any  system  of  units,  e,g.  the  percentage  composition. 

Thus,  we  have  found  for  water  the  equivalent  symbol  HjO,  fixjm 
which  we  may  extract  exactly  the  information  which  we  utilized  in 
making  the  symbol,  —  that  water  consists  of  hydrogen  and  oxygen  ;  that 
2  mass-units  of  hydrogen  and  i  mass-unit  of  oxygen  make  up  the  sim- 
ple equivalent;  that  the  simple  equivalent  consists  of  2.015  parts  by 
weight  of  hydrogen  to  every  16  parts  by  weight  of  oxygen  ;  and  that 
water  consists  of  ir.i8  percent,  of  hydrogen  and  88.82  per  cent,  of 
oxygen. 

Equivalent  symbols  of  some  of  the  compounds  which  we  have  studied 
are  given  in  the  table  : 
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Equivalent  Symbols  of  Compounds 


Bismuth  trioxide 
Calcium  oxide 
Carlx>n  dioxide 
Copper  oxide . 
Hy«lrogen  oxide 
Mercury  oxide 
Nitrogen  monoxide 
Nitrogen  dioxide 
Nitrogen  trioxide 
Nitrogen  tetroxide 
Nitrogen  pentoxide 
Zinc  oxide 
Calcium  hydroxide 
Piitassium  hydroxide 
Sodium  hydroxide 
Zinc  hydroxide 


By  the  use  of  equivalent  symbols^  problems  relating  to  composition  by 
weight  of  the  substances  represefited  are  easily  solved. 
Calculations        ^"  ^^  equivalent  symbol  for  the   hyd rated   crystallized 
from  copper  sulphate,  CUSO4  •  5H2O,  for  example,  the  equivalents 

Equivalent  of  the  various  constituents,  taken  in  relation  to  the  sum  of 
Symbols.  all  the  equivalents,  represent  the  proportionate  composition 
of  crystallized  copper  sulphate. 


BisOs 

Hydrogen  chloride 

.     HCl 

CaO 

Potassium  chloride 

.    KCl 

CO2 

Sodium  chloride   . 

.    NaQ 

CuO 

Zinc  chloride 

.     ZnCl2 

H2O 

Bismuth  nitrate     . 

.     Bi(N03)8 

HgO 

Bismuth  hydroxyl 

N2O 

nitrate   .     .    . 

.     BicOH)(N08;2 

NO 

Nitric  acid    . 

.     HNOa 

NaOs 

Potassium  nitrate  . 

.     KXOs 

NO2 

Sodium  nitrate 

.     NaNOs 

N2O6 

Sulphuric  acid 

.     H2SO4 

ZnO 

Magnesium  sulphate 

.     MgSO* 

Ca(0H)2 

Potassium  sulphate 

.     K2SO4 

KDH 

Potassium  hydrogen 

NaOH 

sulphate 

.     KHSO4 

Zn(OH)2 

Calcium  carbonate 

.     CaCOs 

Cu 

S 

04(4  X  16.00) 

5  H20(5  X  18.015) 

CUSO4 . 5  H2O 


=  63.60 

=  32.06 

=  64.00 

=  90.07 

=  249.73 


Thus  we  know  that  249.73  parts  by  weight  of  crystallized  copper  sul- 
phate contain  63.60  parts  of  copper,  32.06  parts  of  sulphur,  64.00  parts 
of  oxygen,  and  90.07  parts  of  water.  The  numbers  thus  obtained  from 
the  equivalent  symbol  may  be  converted  to  percentages  by  solving  the 
following  equations,  the  results  of  which  represent  the  percentage  com- 
position of  crystallized  copper  sulphate  : 


249.73  •  63.60 
249.73 :  32.06 

249.73  :  64.00 
249.73  :  90.07 


100.00  :  jr,    {x  =  25.47,  copper) 
100.00  :  y\    (  r  ~  1 2.''^4t  sulphur) 
100.00  :  s,      {z  —  25.63,  oxygen) 
100.00  :  w,  {w  —  36.06,  water) 

( 100.00,  copper  sulphate) 
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Thus  we  know  that  crystallized  copper  sulphate  is  composed  of  25.47 
per  cent,  copper,  12.84  P^r  cent,  sulphur,  25.63  per  cent,  oxygen,  and 
36.06  per  cent,  water. 

The  weight  of  any  constituent  contained  in  a  given  weight  of  crystcUiized 
copper  sulphate  may  likewise  be  found.  Suppose,  for  example,  we  wi^h 
to  find  the  weight  of  copper,  sulphur,  oxygen,  and  water  contained  in  8 
grm.  of  crystallized  copper  sulphate.     We  solve  the  equations : 

249.73  •  63.60  =  8.CX)  \x,  (JT  =  2.04,  copper) 
249.73  :  32.06  =  8.00  :  y^  (>'  =  I.03i  sulphur) 
249.73  :  64.00  =  8.00 :  3,  {z  —  2.05,  oxygen) 
249.73  :  90.07  =  8.00  :  w,  (w  =  2.88,  water) 

(8.00,  copper  sulphate) 

The  figures  thus  obtained  show  that  8  grm.  of  crystallized  copper 
sulphate  contain  2.04  grm.  of  copper,  1.03  grm.  of  sulphur,  2.05  grm. 
of  oxygen,  and  2.88  grm.  of  water. 

The  weight  of  crystallized  copper  sulphate  which  will  contain  a  gzvm 
weight  of  a  Ay  constituent  is  likewise  determinable.  Thus  if  we  wish  to 
know  how  much  crystallized  copper  sulphate  might  be  made  from  25 
grm.  of  copper  we  should  solve  the  equation  : 

63.60  :  249.73  =  25.00:  ;c,     (jc:  =  98.16) 

fi-om  which  we  find  that  98.16  grm.  of  crystallized  copper  sulphate  may 
be  made  from  25.00  grm.  of  copper. 

Or^  we  may  find  the  weight  of  any  constituent  of  the  crystallized  copper 
sulphate  ivhen  that  of  any  other  constituent  is  known.  The  weight  of 
sulphur  that  would  be  present  with  10  grm.  of  copper  in  crystallized 
copper  sulphate  would  be  found  from  the  equation  : 

63.60  :  32.06  =  10.00  :jr,     (.^  =  5.04) 

from  which  we  find  that  5.04  grm.  of  sulphur  are  present  with  10  grm. 
of  copper  in  crystallized  copper  sulphate. 

From  the  equivalent  symbol  of  a  compound,  therefore,  we  may 
calculate  : 

(i)  The  proportionate  composition  of  the  substance  in  any  system  of 
units,  as  in  percentages  ; 

(2)  The  weight  of  any  of  the  constituents  contained  in  a  given  weight 
of  the  substance  ; 

(3)  The  weight  of  the  substance  containing  a  given  weight  of  any 
constituent  ; 

(4)  The  wcii^ht  of  any  constituent  which  is  associated  with  a  given 
li'cight  of  any  other  constituent. 

We  have  at  various  times  found  it  convenient  to  represent  chemical 
changes  by  equations.     Inasmuch  as  in  chemical  changes  we  are  dealing 
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Eouations  of  ^'^^  ^^^  reactions  of  equivalents^  it  is  possible  to  represent 
£qaiyalent  the  factors  and  products  of  a  reaction  by  their  equivalent 
Symbols.  symbols.  Thus,  in  the  decomposition  of  water,  hydrogen  and 
oxygen  are  the  sole  products,  and  it  is  easy  to  so  arrange  the  statement 
in  symbols  that  the  equivalent  qf  water  composed  of  mass-units  of 
hydrogen  and  oxygen  shall  appear  as  a  factor,  while  the  products, 
hydrogen  and  oxygen,  shall  be  represented  by  their  individual  mass- 
units.     Thus,  the  equation 

H20  =  2H-fO 
indicates ; 

(i)    That  water  decomposes  into  hydrogen  and  oxygen ; 

(2)  That  the  simple  equivalent  of  water  produces  two  mass-units  of 
hydrogen  and  one  mass-unit  of  oxygen; 

(3)  That  18.015  parts  by  weight  of  water  decompose  to  form  2.015 
parts  by  weight  of  hydrogen,  and  16  parts  by  weight  of  oxygen. 

It  is  obvious  that  in  an  equation  made  up  of  symbols  the  same  num- 
ber of  mass- units  of  each  kind  must  appear  on  both  sides  of  the  equa- 
tion, and  that  total  weights  of  the  mass-units  of  each  kind  involved  in 
any  equation  represent  the  relative  weights  of  the  corresponding  sub- 
stances, stated  in  any  system  of  weights. 

CAlcalations  Pfom  the  equation  representing  a  chemical  change  we  may^ 
from  therefore,  determine  the  weight  of  a  given  substance^  or  part 

Equations  ^  of  a  substance^  present  either  as  a  factor  or  as  a  product. 
Equivalent  when  we  kno7if  the  7veight  of  any  other  represented  substance 
Symbols.         ^,.  p^^^.^  ^j  ^  substance^  either  factor  or  product. 

Thus,  let  us  suppose  that  we  want  to  know  the  weight  of  hydrogen 
which  may  be  produced  by  the  decomposition  of  10  grm.  of  water. 
Writing  in  the  equation,  which  represents  the  chemical  change,  the 
equivalent  symbol  of  water,  and  the  mass-unit  symbols  of  hydrogen,  at 
the  same  time  indicating  the  simple  equivalent  weight  of  water  with  the 
mass- unit  weights  of  hydrogen,  and  introducing  in  their  proper  places 
the  weight  of  the  substance  given  and  the  x  to  represent  the  weight  of 
the  substance  called  for,  we  have 

H2O     =     2H     +     O 
18.015  2.015 

10  grm.        X  grm. 

whence,  18.015:2.015  =  10:^,     (jc=i.i2) 

We  find  that  1.12  grm.  of  hydrogen  are  set  free  from  10  grm.  of  water. 

Furthermore,  since  the  volume  of  a  substance  may  be  deduced  from 

its  weight  when  the  weight  of  any  given  volume  is  known,  and  since  our 
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tables  of  specific  gravities  give  us  the  experimental  determinations  of 
i  the  weights  of  given  volumes  of  substances  with  reference  to  the  weights 

of  the  same  volumes  of  certain  standard  substances  under  defined  con- 
ditions, it  follows  that  from  an  equation  representing  a  chemical  c ha n^^e 
we  may  determine  the  volume  of  any  substance  taking  part  in  the  change 
when  we  kno7V  the  specific  gravity  of  the  substance  and  the  weight  of  any 
other  substance  taking  part  in  the  change. 

Let  us  suppose  that  we  want  to  know,  in  the  first  place,  how  many 
cubic  centimeters  of  water  reduced  to  standard  condition,  4°,  may  be 
obtained  by  heating  10  grm.  of  crystallized  cop^Der  sulphate.  For  the 
equation  and  statement  of  the  problem,  we  have : 

CUSO4  •  5H2O  =  CUSO4  +  5H,0 
249.73  90.07 

10.  grm.  X  grm. 

y  cm.' 

Solving  the  problem  first  as  to  weight,  we  have 

249.73  •  90.07  =  10  :  AT,  (jc  =  3.61) 

whence  it  appears  that  from  10  grm.  of  crystallized  copper  sulphate  we 
get  3.61  grm.  of  water. 

Now,  I  grm.  of  water  at  4°  just  fills  i  cm.';  so  3.61  grm.  of  water 
will  have  a  volume  of  3.61  cm.^  at  4°. 

Let  us  suppose  we  want  to  know  what  the  volume  of  the  water  will  be 
at  0°,  still  liquid;  at  100°  as  liquid  water;  at  0°  converted  to  ice;  and 
at  100°  as  steam.  These  are  all  problems  of  practical  interest.  Turning 
to  the  table  which  we  made  when  we  were  studying  the  properties  of 
water,  we  find  the  necessary  data. 

Specific  Gravities  of  Water 

Liquid  at  4°        .         .         ^         •  i. 00000 

Liquid  at  0°        .         .         ,         ,  0.99987 

Liquid  at  100°    ....  0.95863 

Solid  at  0°           ....  0.91730 

Gaseous  at  100°          .         .         .  0.00059 

These  figures  give  the  relative  weights  of  equal  volumes  of  water 
under  the  different  conditions,  as  compared  with  the  weight  of  the  same 
volume  of  water  at  4°,  and,  of  course,  the  weights  of  i  cm.^  of  water 
under  the  different  conditions  in  terms  of  the  weight  of  i  cm.^  of  water 
at  4° ;  but  I  grm.  of  water  at  4°  fills  i  cm.^  and  these  figures  for 
specific  gravity  therefore  express  the  lueights  in  grams  of  i  cm?  of  water 
under  the  different  conditions. 

So,  if  we  divide  the  weight  in  grams  of  the  water  obtained  from  our 
problem  by  these  figures,  expressing  the  specific  gravities,  we  shall  have 
the  volume  of  the  water  under  the  different  conditions. 
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The  3.61  grm.  of  water  would  occupy  : 

2    6  T 
: — =  3.61  cm.^  at  4°  in  the  liquid  phase; 

-^ =  3.6104  cm.'  at  0°  in  the  liquid  phase; 

0.99987 

261  * 
=  3.77  cm.'  at  100°  in  the  liquid  phase; 

0.95863 


3-6 1 


=  3.93  cm.*  at  0°  in  the  solid  phase ; 


0.9173 

'261 

— =^^ =  6119.  cm.*  at  100°  in  the  gaseous  phase. 

0.00059 

We  have  found,  therefore,  that  the  water  derived  from  10  grm.  of  crys- 
tallized copper  sulphate  would  occupy :  in  liquid  form,  3.61  cm.*  at  4°, 
3.6104  cm.*  at  0°,  3.77  cm.*  at  100°;  as  ice,  3.92  cm.*at  0°;  and  as 
steam^  6120  cm.*  at  100°. 

Calculation  ^^  general,  /he  volume  of  a  substance  in  cubic  centimeters 

of  Volumes  may  be  found  by  diinding  the  weight  of  the  substance  in 

from  grams  by  the  specific  gravity   of  the  substance  referred  to 

Weights.  ^ai^r  at  4\ 

V  (m  cm.*)  = ^^ — ^ L 

Specific  Gravity  (lo  Water  at  4  ) 

Specxflc  Moreover,  if  we  know  the  specific  volume  of  a  substance, 

Volume.  ^^^  jg^  ^jjg  reciprocal  of  the  specific  gravity,  or  the  volume 

of  the  substance  which  has  the  same  weight  as  one  cubic  centimeter  of 
a  standard  substance  under  defined  conditions,  we  may  use  that  instead 
of  the  specific  gravity  in  our  calculations.  So,  the  volume  of  a  substance 
in  cubic  centimeters  may  also  be  found  by  multiplying  the  weight  of 
the  substance  in  grams  by  the  specific  volume  of  the  substance  referred  to 
water  at  4°, 

F  (in  cm.*)  =  W  (in  grm.)  X  Specific  Volume  (to  Water  at  4°) 

Standazds  The  specific  gravities  of  solids  and  liquids  are  generally 

of  Specific  referred  to  water  at  4°.  For  gaseous  substances  it  is  more 
Gravity.  convenient  to  select  some  standard  gas,  to  the  weight  of  a 
given  volume  of  which  the  weights  of  the  same  volume  of  other  gases 
may  be  referred.  Hydrogen,  the  lightest  of  the  gases,  is  often  taken  as 
a  standard ;  sometimes  it  is  convenient  to  use  air,  which  is  a  mixture  of 
nearly  constant  composition  ;  and  quite  recently  it  has  become  customary 

to  refer  the  specific  gravities  of  gases  to  an  ideal  gas,  a  given 
The  Ideal        volume  of  which  is  assumed  to  hav^  y},j  of  the  weight  of  the 

same  volume  of  oxygen.     The  specific  gravity  of  a  gas  is 
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sometimes  spoken  of  as  gas  density,  and  the  gas  density  of  a  sub- 
stance which  ordinarily  exists  as  a  solid  or  liquid  is  sometimes  spoken 
of  as  the  vapor  density  of  the  substance. 

We  have  already  defined  the  specific  gravity  of  a  substance  as  the 
weight  of  a  unit  volume  of  the  substance  in  terms  of  the  weight  iff  the 
unit  volume  of  a  standard  substance  taken  under  standard  conditians^ 

r^    c^       -c  .^  Weight  I  unit  volume 

Or,  Specific  gravity    =  ,,    .  , ; — = ; ; 

Weight  I  unit  volume  standaid  under  standard  conditions 

For  solids  and  liquids  the  unit  volume  is  i  cm.',  while  the 
Solids  and  standard  substance  is  water^  and  the  standard  condition  is 
that  of  the  greatest  concentration  of  water,  4"^.  One  cm.*  of 
water  at  4°  weighs  i  grm.  The  specific  gravity  of  a  solid  or  of  a  /iquid 
referred  to  water  may  be  found  by  dividing  the  weight  of  i  cm?  of  the  soliti 
or  liquid  at  4°  by  the  weight  of  i  cm?  of  water  at  ^°,  or  in  other  tuorUs^ 
by  I. 

Specific  gravity  to  water  at  4°    =.  Weight  1  cm.s  solid  or  lic|uid 

Weight  I  cm.*  water  (i) 

Since  solids  and  liquids  change  their  volumes  slightly  with  changinff 
temperature,  their  specific  gravities  vary  somewhat  at  different  tempera- 
tures. We  may  say,«  however,  that  under  ordinary  atmospheric  conditions 
the  specific  gravity  of  a  solid  or  a  liquid  referred  to  water  is  expressed  by 
very  nearly  the  same  figures  that  stand  for  the  7veight  in  grams  of  i  cm^ 
of  the  solid  or  liquid, 

^  In  actually  weighing  substances  so  light  as  gases  it  is  con- 

venient to  adopt  a  larger  volume  for  comparison,  while  the 
readiness  with  which  gases  change  volume  with  changing  temperatures 
and  pressure  requires  that  conditions  of  temperature  and  pressure  be  de- 
fined with  great  exactness.  For  gases,  then,  the  unit  volume  is  usually  / 
liter,  equal  to  1000  cm.^,  and  the  standard  substance  may  be  either  hydro- 
gen, or  air,  or  more  preferably  the  ideal  gas,  i  liter  of  which  is  assumed 
to  -weigh  TjV  of  the  weight  of  i  liter  of  oxygen  under  similar  condition?, 
the  standard  conditions  being  0°  and  a  pressure  of  ^60  mm,  in  latitude 
4S^  at  the  sea  level.  Under  standard  conditions,  i  liter  of  hydrogen 
weighs  0.0899  gr'^^-j  I  liter  of  air  weighs  1.2930  grm.,  while  the  weight  of 
I  liter  of  the  ideal  gas,  equal  to  ^^j  of  the  weight  of  i  liter  of  oxygen, 
would  equal  0.04466  grm.  We  may  say,  therefore,  that  the  specific  grav- 
ity of  a  gas  is  found  by  dividing  the  weight  of  i  liter  of  the  gas  by  the  weight 
under  standard  conditions  of  i  liter  of  hydrogen  {o.oSgg  grm.),  i  liter  of 
air  {l,2gjogrm.),  or  i  liter  of  the  ideal  gas  {0,04466  grm,),  according  to 
which  of  these  standards  is  selected, 

•  X  o       -r  ..    *    1^   J  Weight  of  I  liter  of  gas 

(I)  Specific  gravity  to  hydrogen  = -—^—j —         i-       u  ~r    ~       /  ' 


Weight  of  I  liter  hydrogen  (0.0899  grm.) 


•  NO       ,t.           ..    ^      •                          Weight  of  I  liter  of  gas 
(2)  Specific  gravity  to  air  =       .  —  7--- 


Weight  of  I  liter  air  (1.2930  grm.) 
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,  ^    «       .-  .,    ^  /  Weight  of  I  liter  of  gas 

(3)   Specific  gravity  to  oxygen/32  =  y^^^^f-  u.^-j^^,  g^-(o.o4466  grm.) 


(4)  Specific  gravity  to  water 


Weight  of  I  liter  of  gas 


Weight  of  I  liter  of  water  at  4°  (1000  grm.) 


The  figures  expressing  the  specific  gravity  of  a  gas  in  terms  of  any 
one  of  the  standards  may  be  readily  changed  to  terms  of  another 
standard.     Thus,  we  have 


Specific  gravity  to  hydrogen 


=  Specific  gravity  to  air 


X  1-^930 
0.0899 


=  Specific  gravity  to  oxygen/32  x  -    jj  — 


=  Specific  gravity  to  water 


X  -- 


1000 


0.0899 


from  which,  when  the  specific  gravity  of  a  substance  referred  to  any  one 
of  the  given  standards  is  known,  the  specific  gravity  referred  to  any 
other  of  the  given  standards  may  be  found. 

The  weights  in  grams  of  i  liter  of  each  of  the  gases  mentioned,  with 
the  approximate  specific  gravity  of  each  referred  to  the  given  standards, 
are  shown  in  the  table  : 

Specific  GRAvrnEs  of  G.4Ses 


Weight  of 
One  Liter 

Ga3 

(Under  stand- 
ard condi- 
tions) 

Grains 

Sp.  Gr  to 
Oxygen733 

Sp.  Gr.  lo 
Hydrogen 

Sp.  Gr.  to 
Air 

Sp.  Gr.  to 
Water  at  4^ 

Oxygen/ 32  •     .     . 

0.0446 

1.000 

0.497 

0.0345 

0.0000446 

ilvtlrogen      .     .     . 

0.0899 

2.013 

1.000 

0.0695 

0.0000899 

Air 

1.2930 

28.950 

14.400 

1. 0000 

0.0012930 

( )xygen     .... 

1. 429 1 

32.000 

15.900 

1. 1050 

0.001429 I 

Nitrogen  .... 

1.2507 

28.020 

13.910 

0.9670 

0.0012507 

Chlorine  .... 

3.1670 

71.010 

35-230 

2.4500 

0.003 1 670 

Hydrogen  oxide     . 

0.8040 

18.020 

8.930 

0.6220 

0.0008040 

Ammonia.     .     .    . 

0.7630 

I7.II0 

8.490 

0.5900 

0.0007630 

Hydrogen  chloride 

1.6285 

36.460 

18.100 

1.2600 

0.0016285 

In  the  approximate  determinations  of  the  specific  gravities  of  gases 
we  may  take  advantage  of  the  characteristicsj  of  an  ideal  gas  as  expressed 
by  the  gas  laws  of  Boyle  and  Charles. 


I/O  OUTLINES    OF   INORGANIC   CHEMISTRY 

Accorditif^  to  Boyle's  LaiUy  the  volume  of  any  gas  is  im'^rseh 
ImL,  *  proportional  to   the  pressure  put  upon  it^  the  temp^raturr 

remaining  constant,  as  expressed  in  the  proportion : 

V  w'  =  p^  :  p 
or,  vp  =  7^'/'  =  Constant 

Thus,  if  we  should  take  i  liter  of  gas  at  760  mm.  pressure  (i  atmos- 
phere) and  double  its  pressure,  the  volume  would  become  1  of  i  liter,  whic 
in  case  we  should  reduce  the  pressure  to  380  nun.  (^  atmosphere)  ihe 
gas  would  occupy  2  liters,  provided  in  each  case  the  temperature  of  thegi> 
remained  constant.  These  relations  were  discovered  by  Robert  Boyle, 
who  experimented  with  a  volume  of  air  confined  over  mercury  in  a  bent 
tube,  closed  at  one  end,  so  arranged  that  the  compression  of  the  air  by 
successive  additions  of  mercury  could  be  measured  on  a  scale.  Boyk 
published  his  results  in  1660. 

According!  to  Charles'  Law,  under  constant  pressure  the 
^^^  volume  of  a  gas  varies  directly  as  its  absolute  temperature, 

as  expressed  in  the  proportion  : 

or,  z/  :  7/  =  /  4-  273''  :  /'  -I-  273° 

Thus,  if  we  should  take  273  cm."^  of  gas  at  o**  under  atmospheric  pres- 
sure and  heat  it  to  10°,  it  would  expand  to  283  cm.^,  while  at  —  10°  it 
would  occupy  263  cm.^  At  273°  it  would  have  doubled  its  volume, 
occupying  546  cm.\  These  relations  were  discovered  by  Charles,  and 
were  published  by  (iay-Lussac  in  1802. 

We  note,  therefore,  from  the  experimental  study  of  gases,  that  all 
gases  luhile  at  constant  temperature,  expand  or  contract  approximattl 
equal  amounts  as  the  pressure  put  upon  them  is  decreased  or  increased. 
respectii'cly  ;  and  thit  under  constant  pressure  the  same  rise  and  fall  oj 
temperature  produces  in  all  gases  approximately  the  same  increase  or 
decrease,  respectively,  in  volume  ;  or,  in  other  words,  that  all  gases  have  ihe 
same  coefficient  of  expansion  for  heat. 

We  may  regard  that  gas  as  an  ideal  gas  which  follows  the 
^     -  gas  laws  exactly.     While  no  gases  are  found  to  answer  thi> 

Equation.  requirement  perfectly,  hydrogen  and  certain  other  gases  not 
readily  liquefied  are  found  ordinarily  to  be  in  very  nearly 
ideal  condition.  We  shall  find  it  convenient  to  express  in  a  single  C''^ 
law  equation  the  relations  of  the  pressure,  absolute  temperature,  and 
volume  of  an  ideal  gas. 

The  change  in  volume  of  the  ideal  gns  for  each  degree  of  change  of 
temperature  above  or  below  0°  is  Trfyj,  or  0.00367,  of  the  volume  of  the 
gas  at  0°  :  the  coefficient  of  expansion  of  the  ideal  gas  is  tj-}^,  or  0,OOj6j> 
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Hence,  if  7^  ^"^  ^r  stand  for  the  volumes  of  the  gas  at  o**  and  at  /* 
respectively,  and  if 

«  =  Tb»  or  0.00367 

then,  Vf  =  Vo  {i  +'  a/)     \ 

If  the  temperature  be  raised  without  allowing  the  gas  to  expand,  the 
pressure  changes  according  to  the  expression 

A  =A  (i  +  «^) 
in  which  /,  is  the  pressure  at  the  temperature  /°  and  /©  the  pressure  at  0°. 

The  expression,  v  =Vq  (i  -}-«/) 

gives  the  volume  z^  of  a  gas  at  /**  and  under  a  constant  normal  pressure 
^^fy  as7'o(j  +  a/).  If  the  pressure  be  reduced  to  i  cm.  of  mercury,  the 
volume  will  be  increased  according  to  Boyle's  Law,  so  that  for  the  new 
volume  V  we  have 

Zfo  (i  -^  a/)  :v==  I  :/o 

and  V  =^0  (^  -f-  «  ^)  /o 

If  now  the  gas  is  compressed  by  the  pressure/,  the  volume  will  change 
according  to  the  expression, 

^0  (i  +  «^)  P-v  =/•  I 

I 

and  pv  =/o?'o  (i  +  «^) 

But  7^  Absolute  =  /°  -h  273^  and  /°=r*  —  273.  Introducing  this 
value  into  the  equation,  we  have 

273      273 

For  a  given  mass  of  gas  the  value  ^^  is  a  constant  quantity.     If  we 

represent  this  constant  by  /^,  we  get  the  gas  law  equation^ 

pv  =  RT. 

the   numerical  value  of  R  depending  upon  the  unit  of  volume  and  unit 
of  pressure  chosen. 

Now,  if  we  wish  to  determine  the  specific  gravity  of  a  gas,  we  may 
observe  its  weight  in  grams  g  and  its  vohime  v  in  cubic  centimeters 
at  any  convenient  pressure  /  in  millimeters  of  mercury,  and  any  con- 
venient temperature  /  on  the  centigrade  scale.  We  have  then  the  data 
necessary  to  calculate  what  the  specific  gravity  or  gas  density  of  the  sub- 
stance would  be  with  reference  to  hydrogen,  or  to  air,  or  to  the  ideal  gas 
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oxygen  /32,  if  both  gases  could  be  directly  compared  at  o®,  760  mm., 
latitude  45®. 

Since  pv  =  p^Vo  (i  -f-  «/)»  ^^  volume  of  the  gas  at  0°  and  760  mm. 
will  be  given  by  the  expression, 

Vn  = ~ • 

The  same  volume  of  ideal  gas  at  0°  and  760  mm.  will  weigh 

since  i  cm.'  of  it  weighs  0.0000446  grm.,  whence 


Specific  gravity  to  oxygen 


732=^-^0. 


0000446 


pv 


/o(H-a/) 


] 


0.0000446/2/ 


- 


Experi- 
mental De- 
termination 
of  Specific 
Gravities. 


^1^— 


//  pray  be  well  to  consider  briefly  the  ex- 
perimental determination  of  specific  grain  ties. 
J  J       iciuuuauiwu    To  determine  the  specific  gravity  of  a  gas  it 

p  of  Specific  is  oniy  necessary  to  know  the  weight  of  a 
p  Gravities.  ^^^  ^^  known  capacity  filled  with  the  ^^<^s 
^^^^  *'  ^  at  known  temperature  and  pressure,  and  the  weight  of 
the  vacuous  flask.  If  d  is  the  known  volume  of  the 
flask,  /  the  tem[)erature,  /  the  pressure  under  which 
the  flask  is  filled,  a  the  weight  of  the  flask  filled  with 
gas,  and  b  the  weight  of  the  vacuous  flask,  then  f,  A  / 
are  known,  and  g  =  a  --  b.  So  we  have  the  data  for 
determining  the  specific  gravity  to  the  ideal  gas  oxy- 
gen/32 according  to  the  formula  given  above. 
Displace-  For  deternjining  the  specific  gravity  of 

ment  vapors,  substances  which  exist  in  the  gaseous 

Apparatus,  state  only  at  higher  temperatures,  many 
devices  have  been  employed.  Of  these  the  Displace- 
ment Apparatus  of  Victor  Meyer  is  now  most  widely 
used.  This  device  consists  of  a  bulb  and  tube,  Ar^ 
heated  by  appropriate  means  within  the  receptacle,  J, 
When  the  temperature  of  the  apparatus  is  constant  and 
no  air  issues  from  it,  the  measuring  cylinder,  /,  is  put 
in  place,  the  tube  is  opened  and  into  it  a  weighed 
amount,  g^  of  the  substance  to  be  gasified  is  dropped, 
the  tube  being  immediately  closed.  As  the  substance 
becomes  gaseous  near  the  bottom  of  the  bulb,  A^  a 
volume  of  air  equal  to  that  of  the  newly  formed  gas  is  displaced.  This 
air  collects  in  /  and  may  be  measured  at  the  atmospheric  temperature 


Fig.  41.  —  Victor 
Meyer's  Displace- 
ment Apparatus. 
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and  pressure.  In  accordance  with  the  gas  laws  the  volume,  v,  noted  at 
the  temperature,  /°,  and  the  atmospheric  pressure,  /,  is  the  same  as  that 
of  the  gasified  substance  would  be  if  it  could  be  cooled  without  con- 
densing to  the  observed  temperature  and  pressure.  So,  having  ^,  v,  /, 
and  /,  the  calculation  of  the  specific  gravity  may  be  made  by  the 
formula  given. 

p.  For  finding  the  specific  gravities  of  solids  and  liquids  a 

flask  closed  by  a  bored  stopper,  known  as  a  picnomeiery  is 
convenient.  If  the  weight,  a,  of  the  empty  apparatus  is  first  found,  and 
then  the  weight,  b^  of  the  apparatus  filled  with  water  to  the  scratch  on 
the  bored  stopper,  at  the  standard  temperature  determined  once  for  all, 
it  is  only  necessary  to  find  r,  the  weight  of  the  apparatus  similarly  filled 
with  another  liquid,  in  order  that  we  may  have  the  data  for  calculating 
the  specific  gravity  of  that  liquid.     Thus, 

b  —  a  =^  Weight  of  the  volume  of  water  which  fills  the  picnometer, 
c  —  a  =z  Weight  of  the  volume  of  liquid  which  fills  the  picnometer ; 

whence, 

c  —  a 
Specific  gravity  of  liquid  to  water  = 

b  —  a 

The  same  apparatus  serves  to  determine  the  specific  gravity  of  solid 
substances.  If  g  is  the  weight  of  the  substance,  b  the  weight  of  the 
picnometer  filled  with  water,  and  c  the  weight  of  the  picnometer  with 
the  solid  in  it  and  filled  for  the  rest  with  water,  then  b  -\- g—  c  =  weight 
of  water  displaced  from  the  picnometer,  equal  in  volume  to  the  volume 
of  the  solid  substance.     Whence, 

Specific  gravity  of  solid  to  water  =     ^  _^ 


CHAPTER  XIII 

MOL£CUL£S 

Simple  ^^  hBve  seen  that  substances  which  react  chemically  act 

Gram-  in  fixed  and  definite  proportions  by  weight,  and  that  such 

equivalent,  actions  may  be  interpreted  as  the  reactions  of  simple  equiva- 
lents made  up  of  the  simplest  possible  number  of  elementary  mass-units, 
and  may  be  represented  by  simple  equivalent  symbols.  In  regard  to 
gaseous  substances,  in  particular,  we  have  learned  that,  in  accordance 
with  the  Law  of  Gay-Lussac,  the  volumes  of  gases  involved  in  a  chemica] 
reaction  as  factors  or  products  bear  to  one  another  the  relation  of  simple 
whole  numbers.  It  would  seem,  therefore,  that  some  simple  relation 
must  exist  between  the  simple  whole  numbers  which  express  the  relations 
of  volume  according  to  which  substances  interact  and  the  volume  occu- 
pied by  simple  equivalents  of  the  gaseous  substances.  We  have  found  it 
convenient  to  make  use  of  the  term  gram-equivaUnt  to  indicate  that 
weight  in  grams  of  a  substance  which  is  expressed  numerically  by  the 
equivalent  of  the  substance,  and  the  weight  in  grams  of  a  substance  which 
corresponds  to  the  simple  equivalent,  or  that  equivalent  composed  of 
the  simplest  possible  number  of  elementary  mass-units,  we  may  now  call 
the  simple  gram-equivalent.  Our  problem  is,  therefore,  to  see  what  rela- 
tion may  exist  between  the  simple  gram-equivalents  of  gaseous  substances 
and  the  volumes  which  they  occupy. 

The  greater  number  of  such  elements  as  obey,  in  free  condition  or  in 
compounds,  the  rule  of  Dulong  and  Petit,  and  whose  mass-units  are  there- 
fore established,  and  the  greater  number  of  the  compounds  of  such  ele- 
ments, cannot  be  volatilized  without  decomposition  ;  but  certain  of  such 
elements  and  some  compounds,  notably  certain  fluorides,  chlorides,  bro- 
mides, and  iodides,  may  be  obtained  in  gaseous  condition,  and  for  such 
substances  we  may  calculate,  from  the  observed  specific  gravities,  what  vol- 
umes the  simple  gram-equivalents  would  occupy,  if  reduced  in  accordance 
with  the  gas  laws  to  standard  conditions  of  temperature  and  pressure. 
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Thus  we  have  for  carbon  disulphide  76. 1 2  as  the  simple  equivalent  and 
76.4  as  the  observed  specific  gravity  in  terms  of  oxygen/32,  and  we  know 
that  I  liter  of  the  ideal  gas,  oxygen/32,  weighs  0.0446  grm.,  under  standard 
conditions.  We  have,  then,  for  the  volume  occupied  under  standard  con- 
ditions by  the  simple  gram-equivalent,  76.12  grm.  of  gaseous  carbon  disul- 

76.12  H-  (76.4  X  0.0446)  =  22.34  liters 

In  the  following  table  are  shown  the  equivalent  symbols,  simple  gram- 
equivalents,  observed  specific  gravities  to  oxygen/32,  and  calculated 
volumes  occupied  by  i  simple  gram-equivalent  of  a  number  of  sub- 
stances in  gaseous  condition : 

Volumes  of  Simple  Gram-equivalents  of  Gaseous  Substances 


Simple  Gram- 

Specific 

Substance  in  G>isbous 

Equivalent 

equivalent 

Gravitv 

Condition 

Symbol 

Grams 

Oxygen/3a 
(.Determined) 

Zinc       .... 

Zn 

65.40 

65-5 

Mercury 

Hg 

200.00 

200.3 

Carbon  disulphide 

cs. 

76.12 

76.4 

Boron  trifluoride    . 

BFs 

68.00 

66.8 

Silicon  tetrafluoride 

SiF4 

104.40 

103.3 

Lead  chloride 

PbQa 

277.80 

274.9 

Tin  dichloride 

Sna2 

189.90 

186.6 

Mercuric  chloride  . 

HgCl2 

270.90 

283.5 

Zinc  chloride 

ZnQa 

136.30 

133.1 

Antimony  trichloride     . 

SbQa 

226.55 

225.5 

Arsenic  trichloride 

AsGs 

181.35 

182.3 

Bismuth  trichloride 

BiQs 

314.85 

325.5 

Boron  trichloride  . 

BCls 

117-35 

1 16.3 

Phosphorus  trichloride  . 

PClg 

137.35 

141. 1 

Carbon  tetrachloride      . 

CCl4 

153.80 

153.3 

Silicon  tetrachloride 

Sia4 

170.20 

171.8 

Tin  tetrachloride  . 

SnCU 

260.80 

266.1 

Mercuric  bromide 

HgBra 

359.92 

357.8 

Boron  tribromide  . 

BBrs 

250.88 

254.0 

Mercuric  iodide     . 

Hgia 

453-94 

468.7 

Arsenic  triiodide    . 

Asis 

455-91 

465.8 

Phosphorus  triiodide      . 

Pis 

411.91 

418.3 

Silicon  tetraiodide 

Sil4 

536.28 

552.6 

Volume  op 

Simple  Gram- 

equivalemt 

Liters 


22.39 
22.39 
22.34 
22.82 
22.66 
22.66 
22.82 

2143 
22.96 

22.52 

22.30 

21.69 

22.62 

21.83 

22.50 

22.21 

21.97 

22.55 

22.15 

22.00 

22.24 

22.38 

22.05 
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From  these  figures  we  discover  at  once  the  very  remarkable  fact  that 
for  these  substances  in  the  condition  of  approximately  ideal  gases, 
which  obey  the  gas  laws  of  Boyle  and  Charles  with  approximate  exact- 
ness, the  numbers  representing  the  specific  gravities,  calculated  according 
to  the  gas  laws  for  standard  conditions  and  referred  to  oxygen/32,  are 
approximately  identical  with  the  numbers  which  represent  the  simple 
equivalents  ;  and  calculating  the  volume  which  would  be  occupied  under 
standard  conditions  by  a  simple  gram-equivalent  of  each  of  these 
gaseous  substances,  it  is  found  that  this  volume  is  approximately  the 
same  for  iill,  and  is  not  far  from  22.4  liters.  It  follows  from  the  gas 
laws  that  equal  volumes  of  these  substances,  when  in  gaseous  condition, 
contain  at  any  fixed  temperature  and  pressure  proportionate  parts  of 
the  simple  gram- equivalents  of  the  respective  substances ;  and  recalling 
that  the  simple  equivalents  represent  for  the  elements  the  weights  of  the 
mass-units  and  for  compounds  the  weights  of  individual  aggregations  of 
mass-units,  we  may  say  that  equal  volumes  of  these  gaseous  substances^ 
elementary  or  compound^  contain  approximately  equal  numbers  of  simple 
equivalents  of  the  substances. 

In  the  case  of  the  gaseous  substances  which  we  have 
studied,  the  simple  equivalents  are  apparently  the  individual 
masses  which  are  involved  in  the  physical  relations  of  pressure,  tempera- 
ture, and  volume ;  they  are  the  physical  units,  the  masses  in  which  the 
physical  properties  of  the  substances  are  inherent,  as  well  as  the  equiva- 
lents in  chemical  action.  It  is  such  considerations  as  these  which  led 
Avogadro,  in  181 1,  to  say  that  the  smallest  individual  mass  in  ivhich 
the  properties  of  the  substance  inheres  is  the  ^^  molecule ^^  and  to  formulate  . 
the  hypothesis  that  in  equal  volumes  of  all  ideal  gases,  elements  or  com- 
pounds, there  are,  under  the  same  conditions  of  temperature  and  pressure, 
the  same  numbers  of  molecules. 

Molecular  ^^  ^  matter  of  fact,  the  application  of  the  gas  laws  is  not 

Weights.  absolutely  exact  for  any  known  gas.  Hydrogen,  oxygen, 
and  nitrogen  obey  the  gas  laws  very  closely,  and  for  most  gases  at  tem- 
peratures moderately  removed  from  the  points  of  liquefaction  the  devia- 
tions from  the  gas  laws  are  small.  For  the  substances  of  the  table  the 
relative  weights  of  the  molecules,  or  molecular  ivcights,  are  indicated  only 
approximately  by  the  specific  gravities  to  oxygen/32,  and  these  are 
approximately  the  same  as  the  simple  equivalents  which  are  deter- 
minable with  a  higher  degree  of  accuracy.     It  is  evident  that  we  max 
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represent  molecular  weights  by  the  same  system  of  units  by  which  we 
express  equivalent  weights,  and  we  may  take,  for  these  substances^  the 
simple  equivalents  as  the  molecular  weights. 

Vaiiatioii  in  ^^  ^^  extend  our  study  of  the  relations  of  the  equivalents 
Specific  and    molecular   weights,  we   occasionally   find    substances 

Gravity.  which  appear  to  possess  specific  gravities  gradually  chang- 
ing through  certain  ranges  of  temperature,  but  of  definite  and  persist- 
ent value  through  each  of  certain  considerable  ranges  of  temperature. 
These  specific  gravities  which  are  constant  for  considerable  variations 
in  temperature  therefore  represent  definite  molecular  conditions  corre- 
sp>onding  to  the  different  ranges  of  temperature.  Thus  at  temperatures 
above  760°  aluminium  chloride  has  a  specific  gravity  to  oxygen/32  of 
about  133 ;  as  the  temperature  falls  the  specific  gravity  undergoes 
gradual  change,  while  between  440°  and  218°  the  value  of  the  specific 
gravity  t<i  oxygen/32  is  nearly  constant  at  about  266.  Through  each 
of  two  definite  ranges  of  temperature  from  760°  upWard,  and  between 
218°  and  440°,  the  molecular  weight  is  constant.  At  the  high  range  of 
temperature  the  specific  gravity  approximates  to  the  simple  equivalent 
133.45,  corresponding  to  the  symbol  AICI3,  and  that  weight  and  that 
symbol  must  be  taken  to  represent  the  molecule  of  aluminium  chloride 
for  the  higher  temperatures ;  and  at  the  lower  range  of  temperature  the 
specific  gravity  doubles  and  the  molecule  is  twice  as  heavy,  and  for  this 
molecular  weight  we  take  twice  the  simple  equivalent,  or  266.90,  making 
the  symbol  ALjCle-  A  similar  state  of  affairs  exists  as  to  ferric  chloride, 
Molecular  F^Cls  and  FegClfl,  and  some  other  compounds.  In  general, 
Weights  of  to  fix  the  molecular  weight  of  a  gaseous  substance,  we  must 
Gases.  ^^^^  ^^^^  equivalent  of  the  substance  to  which  the  specific 

gravity,  referred  to  oxygen/j2,  approximates  for  a  considerable  range 

of  temperature,         • 

.  ^  In  this  way  we  may  find  molecular  weights  for  any  individ- 

of  ual  substances  which  do  not  undergo  chemical  decomposition 

Compoonds.  q^  "  dissociation  "  at  the  temperature  of  the  experiment. 
For  a  substance  which  gradually  dissociates,  like  ammonium  chloride  at 
high  temperature,  ^^^^^  =  NH3  +  HCl 

the  specific  gravity  cannot  be  a  guide  to  the  molecular  weight  of  the 
substance,  since  the  specific  gravity  represents  new  substances  and  new 
molecules  which  are  formed  in  indeterminate  degree  in  the  reaction. 

N      - 
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Having  found  means  for  determining  the  molecular  weights  of  gas- 
eous substances,  it  will  be  interesting  to  inquire  into  the  molecular  com- 
plexity of  these  elements  which  may  exist  in  gaseous  condition,  to  see 
whether  the  molecule  of  every  element  consists  of  a  single  mass-unit,  or 
whether  elementary  molecules  may  be  compounded  of  more  than  one 
mass-unit  of  the  same  kind. 

"Molecular  '^^  ^^^  ^^  approximate  molecular  weights  of  an  ele- 

v>r eights  of  ment  it  will  only  be  necessary  to  determine  the  specific 
ifiements.  gravity  to  oxygen/32  of  the  element  in  gaseous  condition  ; 
to  determine  the  number  of  mass-units  in  the  molecule  we  have  only 
to  divide  the  approximate  molecular  weight  by  the  mass- unit  weight  of 
the  element ;  and,  then,  to  fix  the  exact  molecular  weight  we  may  take 
that  multiple  of  the  mass-unit  weight  of  the  elements  which  approximates 
most  closely  to  the  approximate  molecular  weight,  or  in  other  words  to 
the  specific  gravity  to  oxygen/32. 

In  this  manner  the  data  of  the  following  table  have  been  determined : 


Molecular  Weights  of  Elements 


Element 

Mass- 
unit 
Symbol 

Specific 
Gravity 

(Oxygen/sa) 

Mass-unit 
Weight 

Number  of  Mass- 
units  IN  Molecule 

Molecular 
Weight 

Molecltlar 
Symbol 

Hydrogen 

H 

2.0126 

1.0075 

2 

2.015 

Ha 

Nitrogen 

N 

28.00 

14.04 

2 

28.08 

N2 

Oxygen 

0 

1  32.00 
1^48.00 

16.00 
16.00 

2 

3 

32.00 
48.00 

O2 
Ob 

Chlorine 

CI 

70.9 

35-45 

2 

70.90 

a-i 

Bromine 

Br 

159.9 

79.96 

2 

159.92 

Br2 

Iodine 

I 

{254 

126.97 

2 

253.94 

I2  (up  to  600**) 

I127 

126.97 

I 

126.97 

I  (at  1500°) 

Phosphorus 

P 

124 

31.0 

4 

124.0 

P4     (less    than 
red  heat) 

Arsenic 

As 

poo 

75.0 

4 

300.0 

Asi 

I15O 

75.0 

2 

150.0 

Aso    (at    1700', 
white  heat) 

Sulphur 

S 

|220 

32.06 

8 

220 

SgfSfi 

1  1     64 

32.06 

2 

64.12 

S.2  (at  1000°) 
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Molecular  Weights  of  Elements  {Continued) 


Element 

Mass- 
unit 
Symbol 

specikic 
Gravity 

(Oxygen/32) 

Mass-unit 
Weight 

Number  of  Mass- 
units  IN  Molecule 

Molecular 
Weight 

Molecular 
Symbol 

Zinc 

Zn 

65 

654 

I 

654 

Zn 

Cadmium 

Cd 

112 

1 1 2.4 

I 

1 1 2.4 

Cd 

Mercury 

Hg 

200.3 

200.0 

I 

200.0 

Hg 

Antimony 

Sb 

240 

120.2 

2 

2404 

Sba 

So  it  becomes  evident  that  in  the  case  of  many  elements  the  molecu- 
lar weights  in  the  gaseous  condition  prove  to  be  approximately  twice 
the  mass-unit  weights ;  in  a  few  cases  the  molecular  weights  and  the 
mass-unit  weights  are  iden'ical ;  while  in  still  other  cases  the  molecular 
weights  are  three,  four,  and  even  more  times  as  great  as  the  mass-unit 
weights ;  and  for  a  few  elements  the  molecular  weights  in  the  gaseous 
condition  are  found  to  be  different  at  different  temperatures.  Some 
solid  elements,  such  as  bismuth,  copper,  iron,  lead,  magnesium,  manga- 
nese, potassium,  silver,  and  sodium,  do  not  volatilize  easily  enough  to 
permit  of  the  determination  of  the  specific  gravities  and  molecular 
weights  in  the  gaseous  condition.  For  some  elements  like  carbon  and 
silicon  we  have  thus  far  been  unable  to  determine  the  weights  of  the 
gaseous  molecules. 


The  figures  of  analysis  of  a  compound  obviously  likewise 
of  Molecules  express  the  proportionate  composition  of  the  molecule  of  the 
^^  compound.      Having  the    proportionate   composition   of  a 

compound  and  knowing  its  approximate  molecular  weight, 
it  is  an  easy  matter  to  find  the  numbers  which  express  the  approximate 
weight,  in  terms  of  oxygen,  taken  as  16,  of  any  constituent  element  of 
the  molecule.  We  may  find,  for  example,  what  weights  of  oxygen 
appear  in  the  molecules  of  compounds  of  that  element.  To  make  the 
calculations  we  have  only  to  form  and  solve  the  proportion : 

100  :  per  cent,  of  oxygen  =  approximate  molecular  weight :  x 
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In  the  table  are  given  the  approximate  weights  of  oxygen  in  approxi- 
mate molecular  weights  of  compounds  of  that  element,  with  the  neces- 
sary data  for  the  calculation  : 

Proportions  of  Oxygen  in  Molecules  of  Oxygen  Compounds 


Oxygen  Compound 


Hydrogen  oxide 
Carbon  monoxide 
Alcohol     . 

Carbon  dioxide 
Sulphur  dioxide 
Acetic  acid 

Sulphur  trioxide 
Methyl  borate  . 
Ethyl  borate 

Ethyl  silicate     . 


Per  Cent, 
of  oxygkn 


88.82 

57-H 
34.78 

72.73 
49-95 
53.33 

59.95 
46.15 

32.88 
30.71 


Approximate 

Molecular 

Weight 

Specific  Gravity 
to  Oxygcn/32 


18.02 
27.96 
46.56 

44.14 
64.90 
60.14 

86.08 
103.60 

.  148.40 
210.00 


Approximate  Weight 

OF  Oxygen  in  the 

Molecule 


16.005 

15.98 

16.23 


51.00 
47.81 
48.79 


16 


48 


6449    }  64 


Mass-unit  Obviously  the  weights  of  oxygen  found  in  the  molecules 

Weight  of  of  these  substances  approximate  to  16  or  multiples  of  16,  the 
Oxygen.  slight  variation  from  these  numbers  being  explained  by  the 
fact  that  we  have  been  dealing  only  with  approximate  molecular 
weights,  and  so  could  not  expect  more  than  approximate  accuracy  in 
the  results  deduced  from  these  data.  Assuming  thit  these  slight  varia- 
tions are  inaccuracies,  no  compound  of  oxygen  is  knoiun  in  the  molecule 
of  which  the  weight  of  oxygen  present  is  less  than  the  mass -id  nit  7veighi 
j6.  So  the  choice  of  16,  the  common  equivalent  of  oxygen,  as  the 
weight  of  the  mass-unit  of  oxygen,  is  now  justified. 

We  find,  similarly,  when  we  study  the  compounds  of  hydrogen  and  nitro- 
gen, that  the  mass-unit  weights  of  these  elements,  arbitrarily  chosen,  were 
taken  correctly  as  1.0075  and  14.04  respectively,  these  numbers  being  the 
smallest  amounts  of  hydrogen  and  nitrogen  ever  found  in  any  molecule. 
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The  mass-unit  weights  of  the  other  elements,  fixed  bv  the  thermal 
equivalents,  prove  likewise  to  be  the  smallest  weights  of  these  elements 
which  enter  into  molecules  of  their  compounds. 

Molecular  When  the  molecular  weight  of  a  gaseous  substance  is 

Symbols  of  known,  it  is  desirable  to  express  this  information  in  the 
Elements.  symbol  of  the  substance,  and  thus  to  make  a  molecular 
symbol.  The  moUcular  symbol  of  an  element  is  made  by  putting  together 
as  many  mass- unit  symbols  of  the  element  as  are  necessary  to  express 
the  number  of  mass- units  contained  in  the  approximate  molecular 
weight,  which  is  expressed  by  the  specific  gravity  referred  to  oxygen/32. 
Such  a  molecular  symbol  of  an  element  indicates  the  element,  a  mole- 
cule of  the  element,  the  number  of  mass -units  in  the  molecule,  the 
sum  of  mass-unit  weights,  or  the  molecular  weight,  and  the  ideal  specific 
gravity  referred  to  oxygen/32.  Thus  H2  indicates  hydrogen,  a  molecule 
of  hydrogen,  2  mass-units  of  hydrogen,  a  molecular  weight  of  2.015,  ^"^^ 
an  ideal  specific  gravity  of  2.015  ^^  oxygen/32. 

MolecQlar  ^^  determine   the  molecular  symbol  of  a  compound^  we 

Symbols  of  need  only  the  proportionate  composition  of  the  compound 
ompounds.  ^^  given  by  analysis,  and  the  specific  gravity  of  the  com- 
pound referred  to  oxygen/32,  which  is  also  the  approximate  molecular 
weight.  The  proportionate  composition  of  the  compound  expresses  also 
the  proportionate  composition  of  the  molecules  of  which  the  compound 
consists.  When  we  know  both  the  proportionate  parts  of  the  molecular 
weight  which  stand  for  aggregations  of  mass-uriits  of  the  component  ele- 
ments, and  the  mass-unit  weights  of  these  elements  given  by  the  table, 
we  can  easily  find  the  nearest  whole  numbers  of  mass-units  which  make 
up  the  molecular  weights,  and,  putting  them  together,  make  the  symbol. 
Thus,  we  know  by  analysis  that  100  parts  by  weight  of  water  contain 
1 1. 18  parts  by  weight  of  hydrogen  and  88.82  parts  by  weight  of  oxygen, 
while  the  approximate  molecular  weight  of  water,  which  is  identical  with 
the  observed  specific  gravity  of  water  vapor,  referred  to  oxygen/32,  is 
18.02.  The  proportionate  part  of  the  molecular  weight  corresponding 
to  each  constituent,  i.e,  the  total  weight  of  the  mass-units  of  each  ele- 
ment present  in  the  molecule,  will  evidently  be  given  by  the  equations  : 

100  :  II. 18  =  18.02  :  jc,      (x  =^  2.015) 
100 ;  88.82  =s  18.02  \y^      (y  =  16.005) 
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from  which  we  find  that  one  molecule  of  -water  consists  of  approxi- 
mately 2.015  parts  by  weight  of  hydrogen  united  to  16.005  parts  by 
weight  of  oxygen.  Since  i  mass-unit  of  hydrogen  weighs  1.0075  it  is 
plain  that  a  molecule  of  water  must  contain  2.015  -f-  1.0075,  obviously  2 
mass-units  of  hydrogen ;  and,  in  like  manner,  since  a  mass-unit  of  oxy- 
gen weighs  16,  it  would  seem  that  the  water  molecule  must  contain 

^  '^^5   or    I   mass-unit  of  oxygen.     The   symbol  of  water  is,  there- 
16 

fore,  HjO. 

In  general,  to  find  the  molecular  symbol  of  a  compound : 

( 1 )  Take  the  proportionate  composition  of  the  compound  as  given  by 
analysis, 

(2)  Find  the  approximate  molecular  weight  of  the  compound  (usually 
the  specific  gravity  of  the  compound  in  gaseous  condition  referred  to 
oxygen/ 32). 

(3)  Calculate  the  approximate  total  weights  of  the  mass-units  of  each 
constituent  present  in  the  molecule, 

(4)  Find  approximately  the  number  of  mass-units  of  each  kind  present 
in  the  molecule^  by  dividing  the  total  weight  of  the  mass-units  of  each  con- 
stituent by  the  mass-unit  weight  of  that  constituent,  and  accepting  as  the 
true  numbers  of  mass-units  present  the  whole  numbers  which  stand  near- 
est to  the  numbers  found  by  the  calculation, 

(5)  Make  up  the  symbol  of  the  molecule  by  putting  together  the  symbols 
of  the  entire  number  of  mass-units  of  all  kinds. 

Calculations        The  molecular  symbol  of  a  compound  indicates,  like  the 

^0™  equivalent  symbol,  the  composition  of  the  compound  ^n^. 

Molecular 

Symbols  of     "lore   particularly,   the   composition   of  a   molecule  of  the 

Compounds,     compound,  viz. : 

(i)  The  kinds  of  mass-units  present  in  the  molecule  ; 

(2)  The  number  of  mass-units  of  each  kind  in  the  molecule; 

(3)  The  total  weight,  in  terms  of  oxygen  taken  as  16,  of  the  mass- 
units  of  each  kind  in  the  molecule ; 

(4)  The  total  weight,  in  terms  of  oxygen  taken  as  16,  of  all  the  mass- 
units  in  the  molecule,  i,e,  the  molecular  weight ; 

(5)  The  proportionate  composition,  by  weight,  of  the  molecule  in  any 
system  of  units,  e.g.  the  percentage  composition ; 

(6)  The  ideal  specific  gravity  referred  to  oxygen/32  of  the  gaseoii-^ 
compound,  numerically  equal  to  the  molecular  weight. 
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Since,  moreover,  any  given  quantity  of  a  compound  is  an  aggregation 
of  molecules  of  the  same  kind  and  composition,  it  follows  that  the 
molecular  symbol  of  a  compound  indicates,  like  the  equivalent  symbol, 
the  composition  of  any  given  quantity  of  that  compound,  viz. : 

(i)  The  constituent  elements  in  the  compound ; 

(2)  The  proportionate  composition,  by  weight,  of  the  compound  in 
any  system  of  units,  eg.  the  percentage  composition ; 

(3)  The  gram- molecule,  or  the  number  of  grams  which  will  fill  as 
much  space  as  32  grm.  of  oxygen,  or  22.4  liters. 

Thus,  we  have  found  for  water  the  symbol  HgO,  from  which  we  know 
that  the  molecule  of  water  contains  mass-units  of  hydrogen  and  of 
oxygen ;  that  it  contains  two  hydrogen  mass-units  and  one  oxygen  mass- 
unit  ;  that  the  total  weight  of  the  hydrogen  mass-units  in  the  molecule 
is  2  X  1.0075  or  2.015,  ^^d  ^^^*  t^^  ^o*^^  weight  of  oxygen  in  the  mole- 
cule is  16  ;  that  the  molecular  weight  is  2.015  -h  16  or  18.015,  i^  terms  of 
oxygen  taken  as  16  ;  and  that  the  proportionate  composition  of  a  molecule 
of  water,  in  any  system  of  weights,  is  as  2.015  parts  of  hydrogen  to 
16  parts  of  oxygen;  or,  reducing  the  ratio  to  percentages,  11. 18  per 
cent,  of  hydrogen  to  88.82  per  cent,  of  oxygen;  and  that  if  water 
were  in  the  condition  of  an  ideal  gas,  its  specific  gravity,  referred  to 
oxygen /3 2,  should  be  18.015.  We  know,  further,  from  the  molecular 
symbol,  that  any  quantity  of  water,  whenever  and  wherever  found,  is 
composed  of  hydrogen  and  oxygen,  combined  in  the  proportion  of 
2.015  parts  by  weight  of  hydrogen  to  16  parts  by  weight  of  oxygen, 
or  of  11.18  per  cent,  of  hydrogen  and  88.82  per  cent,  of  oxygen,  and 
that  18.015  grm.  of  gaseous  water,  viz.,  a  gram- molecule,  fills  24.4  liters. 

When  th'e  molecular  symbols  of  gaseous  substances  are 
j^jji  known,  it  is  desirable  to  use  them  rather  than  equivalent 

Equations  of  symbols  in  expressing  reactions  in  which  such  substances 
a  hoi^  take  part ;  for,  equations  made  up  of  molecular  symbols  of 
gaseous  substances  convey  direct  information  as  to  the  vol- 
umes of  the  given  substances  in  addition  to  such  other  information  as  is 
conveyed  by  equations  made  up  of  equii^alent  symbols. 

Thus,  the  formation  of  water  by  the  combination  of  hydrogen  and 
oxygen  is  properly  expressed  by  symbols  showing  these  substances  in 
molecular  condition  —  namely,  the  symbols  H2,  O2,  and  HqO.  So  the 
equation  which  represents  the  combination  of  2.015  grm.  of  hydrogen 
and  16  grm.  of  oxygen  to  form  18.015  grm.  of  water  is  written 
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and  this  equation  expresses  the  fact  that  2  gram-molecules  of  hydrogen 
combine  with  i  gram- molecule  of  oxygen  to  form  2  gram-molecules  of 
water.  Now,  every  gram-molecule  of  gaseous  substances  represents 
approximately  a  volume  of  22.4  liters  under  standard  conditions.  So 
the  equation  expresses  the  fact  that  2  X  22.4  liters  of  hydrogen  combine 
with  22.4  liters  of  oxygen  to  form  2  x  22.4  liters  of  water  under  standard 
conditions ;  or,  in  general,  that  2  volumes  of  hydrogen  combine  with  i 
volume  of  oxygen  to  form  2  volumes  of  gaseous  water.  This,  it  will  be 
remembered,  was  an  observation  of  experiment. 

We  might  also  approach  the  establishment  of  the  equation  from  the 
opposite  direction.  Knowing  by  experiment  that  2  volumes  of  hydro- 
gen combine  with  i  volume  of  oxygen  to  form  2  volumes  of  gaseous 
water,  and  that,  since  in  equal  volumes  of  gaseous  substances  under  the 
same  conditions  there  are  equal  numbers  of  molecules,  the  ratio  of  theu 
volumes  also  expresses  the  ratio  of  the  numbers  of  molecules  involved^  wc 
may  put  in  an  equation  the  numbers  of  molecules  which  represent  the 

respective  volumes : 

2  H,  -f  O2  =  2  HjjO 

Similarly,  we  may  represent  the  combining  of  hydrogen  and  chlorine  to 
form  hydrogen  chloride,  so  that  the  equation  expresses  at  the  same 
time  the  proportions  by  weight  and  the  proportions  by  volume  in  which 
these  gaseous  substances  combine  : 

H2  +  CI,  =  2  HCl 

In  equations  involving  a  gaseous  substance  with  other  non-gasepus  suh- 
stances,  the  relation  of  the  volumes  of  the  gaseous  substances  invoiced 
with  equivalents  of  other  non-gaseous  substances  appears. 

Thus,  in  the  equation 

3  Cu  +  8  HNO3  =  3  Cu(N03)s  +  4  H2O  -f  2  NO 

the  symbol  2  NO  represents  a  gaseous  substance.  For  every  3  gram- 
equivalents  of  copper  2  gram-molecules  of  NO  will  be  set  free.  But 
every  gram-molecule  of  a  gaseous  substance  represents  a  volume  of  22^ 
liters  under  standard  conditions.  So  for  every  gram-equivalent  of 
copper  a  volume  of  J  X  22.4   liters  or  14.97  Uters  of  nitrogen  dioxide 
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will  be  liberated.  It  is  obvious  that  the  use  of  molecular  symbols  is  of 
considerable  advantage  when  relations  of  the  volumes  of  gaseous  sub- 
stances are  to  be  discussed. 

It  is  of  interest  to  note  that  the  equation  which  represents  by  molec- 
ular symbols  the  combination  of  hydrogen  and  oxygen  to  form  water, 
shows  that  the  oxygen  molecule  is  divided  into  two  mass-units  in  the 
process,  each  of  which  enters  into  union  with  two  mass-units  of  hydro- 
gen ;  and  similarly  in  the  equation  which  shows  the  formation  of  hydro- 
gen chloride  from  hydrogen  and  chlorine,  we  see  the  fact  expressed  that 
et'ery  molecule  of  hydrogen  and  every  molecule  of  chlorine  is  divided  into 
two  mass-units,  a  mass-unit  of  each  combining  with  a  mass-unit  of  the 
other  to  form  a  molecule  of  hydrogen  chloride. 

For  determining  the  molecular  condition,  or  the  molecular 
Weight  of       weight,  of  substances  existing  as  pure  solids  or  pure  liquids. 
Solids  and      ^^  are  able  in  certain  special  cases  to  draw  some  conclu- 
'  sions,  but  as  yet  we  have  no  simple  and  general  method  for 

accomplishing  tltis  very  desirable  end.  We  are  able,  however,  to  get 
an  idea  in  many  cases  as  to  what  the  molecular  condition  of  a  solid  or 
liquid  individual  substance  is  after  it  has  been  dissolved  in  a  suitable 
liquid  medium,  which,  however,  must  have  no  chemical  action  upon  the 
dissolved  substance.  It  appears  in  the  case  of  certain  individual  sub- 
stances, that  when  weights  proportional  to  the  equivalents,  or  the  gram- 
molecular  weights,  of  the  substances  are  dissolved  in  certain  solvents,  cer- 
tain physical  properties  of  the  solutions  are  manifested  to  the  same  degree. 
Osmotic  The  phenomenon  known  as  osmotic  pressure  of  solution  is 

Pressure  of  especially  noteworthy  in  this  connection.  When  an  empty 
Solatioiis.  ^  ^         -         ,  -"     ,  ...  .  „        ,  ^  . 

porous  cup  of  unglazed  porcelam  is  partially  submerged  in 

water,  the  water  is  free  to  pass  through  the  porous  medium ;  and  even 

when  the  pores  of  such  a  cup  are  filled  with  a  suitable  deposit,  like 

copper  ferrocyanide,  water  is  still  able  to  pass  while  certain  dissolved 

substances  are  unable  to  do  so.     Now  if  the  cup  with  its  pores  filled 

with  copper  ferrocyanide  is  charged  with  the  solution  in  water  of  such 

a  dissolved  Substance,  and  closed  by  a  tightly  fitted  stopper  to  which  a 

pressure  gauge  is  fitted,  and  the  whole  is  then  submerged  in  pure  water, 

water  passes  from  outside  the  cup  into  the  inside  and  accumulates  in 

the  inside  until  the  amounts  of  water  passing  inward  and  outward  have 

become  equal,  while  the  gauge  shows  pressure  within  the  cup.     Since 
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the  water  is  pressing  equally  inward  and  outward,  the  pressure  developed 
within  the  cup  must  be  due,  at  least  in  the  case  of  solutions  in  which 
no  chemical  action  between  the  solvent  and  the  solute  takes  place,  to 
some  specific  action  of  the  solute.     This  pressure  of  the  solution  upon 

the  semi-permeable  wall  is  called  the 
osmotic  pressure. 

The  study  of  osmotic  pressures  has 
led    to   the   generalization,   first   ad- 
vanced by  Van't  Hoff,  that  the  os- 
motic pressures  observed  in  solutions 
A     -     -  l5Nk~|b~~i     \   A      ^re  closely  related  to  the  concentra- 
f^^^r  -     ■-II11—    Mf"    "il.  V         tion  of  the  molecules  of  the  solutes, 

and  to  the  conclusion  that  tvhatever 
the  real  nature  of  the  process  of  solu- 
tion may  be,  the  molecules  of  a  solute 
diffused  through  a  solvent  apf>car  to  h 
obedient  to  certain  rules  ivhtch  han 
great  similarity  to  the  laws  e>f  BoyU 
and  Charles,  and  the  hypothesis  of 
Avogadro. 

Thus,  with  regard  to  the  class  of 
non-electrolytic  substances  —  that  is, 
those  substances  which  do  not  con- 
duct the  electric  current  in  water 
solution,  it  appears  that 

(i)    The   osmotic  pressure    of  thi 
solution  of  an  individual  non-electn^ 
lyte  is  proportional  to  the  concentra- 
tion, and  inversely  proportional  to  the  volume,  occupied  by  a  given  mass: 

(2)  The  osmotic  pressure  varies  with  the  temperature  and  seefningly  in 
direct  proportion  to  the  absolute  temperature  ; 

(3)  Solutions  of  non-electrolytes  which  at  the  same  temperature  exert 
the  same  osmotic  pressure  appear  to  contain  the  same  numbers  eff  inJi- 
vidual  active  units  or  molecules  in  a  given  volume. 

For  example,  at  a  fixed  temperature,  the  osmotic  pressure  of  a  solu- 
tion of  cane  sugar,  a  non-electrolyte,  is  proportional  to  the  concentn- 
tion ;  and  for  a  fixed  concentration  it  increases  with  the  temperature ; 
and  under  fixed  conditions  of  temperature  and  concentration  it  shows 


Fig.  42.  —  Apparatus  for  measuring 
Osmotic  Pressure. 
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a  definite  value,  which  we  may  proceed  to  compare  with  the  gas  pressure 

of  a  gas  occupying  the  same  volume  as  the  volume  of  the  solution  and  at 

the  same  temperature  as  the  solution. 

Thus,  Pfeffer  found   that   at   6.8°  a  water  solution   of  cane   sugar, 

CijHajOn,  containing  10  grm.  in  i  litef,  gave  an  osmotic  pressure  of  505 

nam.  of  mercury.    A  gram- equivalent  of  cane  sugar,  342. 1 6  grm.,  dissolved 

in  34.216  liters,  would  therefore  give  at  the  same  temperature  the  same 

pressure.     Now,  the  volume  occupied  by  i  gram-molecule  of  oxygen, 

and  other  gaseous  substances,  is  22.4  liters  at  0°  and  760  mm.,  and  the 

volume  occupied  by  these  gases  at  6.8°  and  505  mm.  may  be  calculated 

by  the  formula, 

y^ PqV^T  ^  760  X  22.4  X  279.8  _ 

/  273  505  X  273 

So  we  find  that  the  volume  occupied  by  a  gram- equivalent  of  cane 
sugar  in  water  solution  proves  to  be  34.55  liters,  practically  the  same  as 
that  occupied  by  a  gram-molecule  of  oxygen  under  the  same  conditions 
of  temperature  and  pressure. 

We  have  in  this  fact,  making  the  reasonable  assumption  that  the 
simple  equivalent  of  sugar,  represented  by  the  simplest  possible  symbol, 
CijHaOii,  is  identical  with  the  molecule  of  sugar,  a  basis  for  the  infer- 
ence that  in  equal  volumes  of  the  water  solution  of  cane  sugar  and  of 
gaseous  oxygen  there  are,  under  the  same  conditions  of  temperature  and 
pressure,  the  same  number  of  molecules, 

Van't  Hoff  showed  that  to  solutions  of  non-electrolytic 
Osmotic  substances,  like  the  cane  sugar,  the  general  expression  for 
Pressuze  of     the  gas  laws, 

Solutions  of  &v=^RT 

Hon-  ^ 

0  y  8.  ^^^  ^^  directly  applied  ;  but  that  in  the  case  of  electrolytic 
substances,  like  acids,  bases,  and  salts,  the  osmotic  pressures  are  always 
greater  than  would  be  expected,  so  that  the  general  expression  for  the 
laws  of  solution  takes  the  form, 

pv  =  iRT, 

in  which  /  is  the  coefficient,  always  greater  than  unity,  and  depending 
upon  the  substance  under  examination,  and  also  upon  the  dilution, 
until  a  certain  dilution  is  reached,  at  which  1  attains  its  maximum 
value. 
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Dissocia-  ^^^^  deviation  from  the  rule,  on  the  part  of  many  sub- 

tion  in  stances   in   solution,  is  easily  explained   if  we  assume  the 

Solution.  formation  in  solution  of  a  larger  number  of  active  units, 
or  molecules,  —  a  kind  of  dissociation  in  solution,  which  produces  the 
effect  of  increased  osmotic  pressure,  just  as  dissociation  by  heat  produces 
increased  gas  pressure  proportionate  to  the  num^)er  of  new  molecules. 
To  Arrhenius  we  owe  the  suggested  explanation  of  this  phenomenon  of 
solution  in  the  breaking  down  of  compounds  into  free  electrically  charged 
ions,  while  Reychler  postulates  the  formation  of  new  units  by  a  kind  of 
hydrolytic  action  involving  also  an  interchange  of  electrical  charge  between 
the  molecules.  These  are  points  to  which  we  shall  recur.  For  the  present 
it  is  sufficient  to  see  that  the  peculiar  behavior  of  electrolytes  in  solution 
as  regards  osmotic  pressure  is  explicable  upon  the  hypothesis  of  some  sort 
of  molecular  splitting  with  formation  of  a  greater  number  of  active  units. 

^      ^  The  determination  of  the  molecular  condition  of  solutes 

usmotic 

Pressure  by  direct  observation  of  the  osmotic  pressures  is  very  diffi- 
and  Gas  ^ult,  and  in  many  cases  impracticable.     We  have,  however, 

certain  methods  founded  upon  experiment,  but  now  shown 
by  Van't  Hoff  to  be  justified  upon  the  assumption  that  osmotic  pressure 
is  of  the  same  nature  as  gas  pressure,  for  the  comparison  of  the  numbers 
and  weights  of  the  active  units  in  solutions, 

_  TTius  we  know  that  when  a  substance  is  dissolved  in  a 

Depression 

of  Freezing     liquid^  the  freezing  point  of  the  liquid  is  invariably  lowered. 

Points  of  xhe  depression  of  the  freezing  point  of  the  solvent  proves 
Solutes. 

to  be  proportional  to  the   amount   of  material   dissolved, 

and  it  was  found  by  Raoult  that  for   a  large  number  of  non-eUctro- 

lytic  substances  of  known  molecular  weight  in  the  gaseous  condition,  and 

for  several  solvents,  the  depression  of  the  freezing  point  of  a  given  amount 

of  sohent  is  the  same  for  a  gram-molecule  of  each  substance,  but  the  exact 

amount  of  such  gram-molecular  depression  of  the  freezing  point  depends 

upon  the  nature  of  the  solvent. 

J-  .     J  If  A  is  the  observed  depression  of  the  freezing  point 

Lowering  of    when  7v  grm.  of  a  solute   are  dissolved  in  looo  grm.  of 

Freezing         ^j^  solvent,  m  being  the  molecular  weight  of  the  solute, 

and   C  the   molecular  loivering^  or  the  depression  of  the 

freezing  point  of  the  solvent  produced  by  a  gram-molecule  of  the  solute 

in  looo  grm.  of  solvent,  we  have 
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Cim  =A  \w 

Whence  the  molecular  lowering  for  the  given  solvent  is  given  by  the 
expression,  . 

w 

Raoult  found  the  molecular  lowering  for  water  to  be  in  the  average  i.Sf' 
for  every  gram-molecule  of  non-electrolyte  dissolved  in  i  liter  of  water. 

Upon  the  supposition  that  osmotic  pressure  and  gas  pressure  are  of 
the  same  nature,  it  has  been  shown  by  Van't  Hoif  that  the  depression 
of  the  freezing  point  of  water  by  i  gram-molecule  of  solute  in  i 
liter  of  solvent  should  be  1.88°  for  water,  3.88°  for  acetic  acid,  and 
4.90**  for  benzene,  values  which  are  closely  in  accord  with  Raoult's  ex- 
perimental results. 

Molecular  Knowing  the  molecular  lowering,  it  is  possible  to  find  the 

—  "f  '  ^  fnolecular  weight  of  any  non-electrolyte  by  determining  the 
electro]]rtes  weight  of  that  substance  which  produces  the  molecular  lower- 
in  Solation.  y^^  ^^  ^  given  solvent.  If  A  is  the  observed  depression  of 
the  freezing  point,  m  the  molecular  weight  to  be  determined,  C  the 
molecular  lowering  of  the  solvent,  W  the  weight  of  the  solvent,  and  w 
the  weight  of  the  solute,  then,  when  the  weight  of  solvent  is  1000  grm., 

C :  »i  =  A  :  a/, 

J                                                       wC 
and  m  = 

A 

For  any  other  weight  of  solvent,  W, 

1000  wC 


w  = 


A^ 


By  means  of  this  formula,  the  molecular  weight  of  a  non-electrolyte  in 
a  given  solvent  may  be  found  from  the  molecular  loiaering  and  the 
depression  of  the  freezing  point  observed  for  the  solution  of  a  known 
weight  of  solute  in  a  known  weight  of  solvent. 

For  example,  it  was  found  experimentally  that  i  grm.  of  carbon 
tetrachloride  dissolved  in  100  grm.  of  acetic  acid  lowered  the  freez- 
ing of  the  solvent  0.252°.     From  the  formula  we  have 

1000  XIX  3.88 
»i=s ^ —  =  154 

0.252  X  lOO 
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which  accords  with  the  molecular  weight  153.8  deduced  from  the  equiva- 
lent symbol  CCI4,  and  the  specific  gravity  to  oxygen 732. 

It  should  not  be  forgotten,  however,  that  the  molecular  weight  found 
for  a  non-electrolyte  in  a  certain  solvent  is  not  necessarily  Che  molecular 
weight  which  it  may  have  in  another  solvent,  or  in  gaseous  condition. 
Methyl  alcohol,  for  example,  showed  in  water  a  molecular  weight  of 
about  32,  corresponding  to  the  symbol  CH4O,  while  in  benzene  its 
molecular  weight  proved  to  be  50  per  cent,  greater,  which  means, 
apparently,  that  molecules  of  CH4O  and  C2H8O2  exist  in  about  equal 
proportions  in  benzene  under  the  conditions  of  the  experiment. 

_        ,      ^        it  has  been  found  also  that  wh^n  a  substance  is  dissolved 

EMyation  of 

Boiling  ^^  ^  liquid^  the  boiling  point  of  the  liquid  is  invariably  raised. 

Points  of        The  elevation  of  the  boiling  point  of  the  solvent  is  propKDr- 

tional  to  the  amount  of  material  dissolved,  and  it  appears  to 

be  the  case  that  the  rise  of  the  boiling  point  of  a  given  amount  of  solvent 

is  the  same  for  a  gram-molecule  of  every  non-electrolyte ^  the  exctct  amount 

of  such  rise  depending  upon  the  nature  of  the  solvent. 

If  we  let  C  stand  for  the  molecular  rise  or  the  rise  of  the 
Molocalar 
Rise  of  boiling  point  of  the  solvent  produced  by  a  gram-molecule 

Boiling  of  a  non-electrolyte  in  1000  grm.  of  a  given  solvent,  m  for  the 

molecular  weight  of  a  non-electrolyte,  w  for  the  weight  of 

solute  used  in  any  given  experiment  in  a  weight  W  of  solvent,  and  R 

for  the  observed  rise  of  the  boiling  point,  we  may  develop  a  formula 

similar   to   the   formula  which   gives  the   molecular  weight  from  the 

depression  of  the  freezing  point, 

1000  wC 

Whence,  knowing  the  molecular  rise,  it  is  possible  to  find 
Weieht  of  ^^^  molecular  weight  of  a  non-electrolyte  in  any  given  sok^ent 
Non-  from  the  rise  of  the  boiling  point  observed  for  the  solution  of 

elwtrolytes    ^  known  weight  of  solute  in  a  known  weight  of  sohfent. 

Thus,  I  grm.  of  naphthalene,  dissolved  in  100  grm.  of 
ether,  raised  the  boiling  point  of  the  latter  0.163°.  The  molecular  rise 
for  ether  is  2.11^    Then, 

^      1000  XI  X  2. II      ,^^  ^ 
0.16-?  X  100 
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a  value  which  is  closely  approximate  to  128.06,  the  molecular  weight  of 
naphthalene  in  gaseous  condition,  and  corresponds  to  the  symbol  CioHg. 
It  is  of  interest  to  note  that  Van't  Hoff  has  been  able  to  deduce,  from 
theoretical  considerations,  for  the  molecular  depression  of  the  freezing 
point  oi  2k  solvent,  or  the  depression  produced  by  i  gram-molecule  of  a 
non-electrolyte  ii)  1000  grm.  of  solvent,  and  for  the  molecular  rise  of  the 
doiling  point  oi  a  solvent,  or  the  rise  produced  by  i  gram-molecule  of 
non-electrolyte  in  1000  grm.  of  solvent,  the  same  form  of  expression, 

2  7^2 


C= 


1000  Z 


in  which  C  is  the  molecular  depression  or  rise,  T  the  absolute  tempera- 
ture of  the  freezing  point  or  boiling  point  of  the  solvent,  and  L  the 
latent  heat  of  fusion  or  of  vaporization,  respectively,  for  i  grm.  of  the 
solvent. 

It  is,  of  course,  plain  that  the  molecular  symbol  of  a  substance  in 
solution  may  be  computed  from  the  discovered  molecular  weight,  the 
percentage  composition,  and  the  mass-unit  weights  of  the  elements,  by  a 
method  precisely  similar  to  that  employed  in  determining  the  molecular 
symbol  of  a  gaseous  substance  from  the  specific  gravity  to  oxygen  /32, 
the  percentage  composition,  and  mass-unit  weights  of  the  elements. 

In  the  case  of  electrolytes  in  solution,  experience  shows, 
Abnormal 
Depression      ^  ^^  \i^wt  seen,. that  an  abnormally  large  osmotic  pressure 

of  Freezing  develops.  We  note^  also,  in  the  depression  of  the  freezing 
Rise  of  Boil-  P^^^^^  ^^^  ^^  ^^^  rise  of  the  doiling  points  of  solutions  contain- 
ing Point  of  ing  electrolytes ,  abnormally  large  depressions  and  rises,  respec- 
El^c^^vt  s  *'^^^»  which  are  naturally  attributed  to  a  multiplication  of 
active  units.  Given  the  depression  of  the  freezing  point 
or  rise  of  the  boiling  point  of  a  solvent  of  known  molecular  lowering  or 
rise  for  non-electrolytes,  it  is  possible  to  deduce  the  amount  of  such 
multiplication  of  active  units  which  takes  place  in  the  solution  of 
electrolytes.  Thus,  the  molecular  lowering  observed  when  i  gram- 
molecule  of  a  non-electrolyte  dissolves  in  1000  grm.  of  water  is  shown 

in  the  expression 

C=  1.88° 

When  the  molecule  of  an  electrolyte  divides,  the  observed  depression  of 
the  freezing  point  will  depend  upon  the  amount  of  the  division.  The 
formation   of  two  active  units   from    one    molecule   will   double  the 
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depression,  and  the  formation  of  /  units  from  a  molecule  will  produce 
/  times  the  molecular  depression.  So,  when  /  is  the  observed  depres- 
sion of  the  freezing  point  for  a  gram-molecule  of  an  electrolyte,  and  / 
the  number  of  the  active  units  resulting  from  a  molecule  in  the  process 
of  solution,  /xi.88=/ 


and 


1  = 


1.88 


This  I  is  Van't  HoflTs  coefficient  i  in  the  general  expression, 

pv^iRT 

And  expresses  the  ratio  between  the  osmotic  pressure  actually  observed 
and  the  pressure  which  would  be  exerted  were  there  no  division  of  the 
molecule  in  the  process  of  solution.  This  i  is  the  ratio  of  the  sum  of 
the  numbers  of  unbroken  molecules  and  active  units  of  division  to  the 
number  of  original  molecules. 

The  table  shows  some  of  the  values  found  for  i  in  the  case  of  the 
solution  of  several  electrolytes  in  water,  /  being  the  observed  depression 
of  the  freezing  point  caused  by  i  gram-molecule  of  the  solute  in  looo  grm. 
of  water : 

Osmotic  Pressure  of  Electrolytes 


• 

El.KCTROLYTB 

Symbol 

Z.88 

Sodium  chloride     .        .        •        • 

NaQ 

1JJ7 

Potassium  chloride  • 

KQ 

1-79 

Potassium  nitrate    •        < 

KNQ, 

1.64 

Barium  chloride      •        < 

BaGs 

2.58 

Sodium  hydroxide  • 

NaOH 

1.93 

Potassium  hydroxide 

KOH 

1.88    . 

Barium  hydroxide  • 

Ba(OH)a 

2.64 

Hydrochloric  acid  , 

HQ 

I.9S 

Nitric  acid 

HNOs 

1.91 

Sulphuric  acid 

H2SO4 

2.0a 

These  values  for  /  indicate  some  action  of  water,  the  solvent,  by  which 
more  active  units  are  produced  from  the  single  molecules  of  the  sub- 
stances named.  This  is  obviously  a  process  somewhat  analogous  to  the 
dissociation  of  ammonium  chloride  in  the  gaseous  state  by  heat 
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BxparimtB-         For  the  experitntntal  deUrmtnatiott  of  the  depression  of 

tal  the  freezing  point  and  rise  of  the  boiling  point  of  solutions  by 

I>etmiiliia,-  addition  of  solutes  maDy  ingenious  forms  of  apparatus  have 
D«Dreiiion  ^^"^  devised.  Beckmanris  device  for  determining  the  de- 
of  Finzlne  pression  of  the  freezing  point  is  shown  in  the  figure.  The 
Point  asd  tube  A,  containing  the  solvent,  a  thermometer  T,  3  stirrer  S, 
Elevation  of  and  the  solute  introduced  at  will  through  the  side  tube,  is 
Boilinj  fitted  to  A^  so  that  an  air  space  is  left  between  the  tubes. 

**""*•  This  system  is  im- 

mersed in  a  suitable  freezing 
mixture  contained  in  B  which 
is  also  provided  with  a  stirrer. 

Knowing  the  weight  of  sol- 
vent W  contained  in  the  tube 
and  the  weight  w  of  the  so- 
lute introduced^the  molecular 
lowering  of  the  solvent  C,  the 
observed  depression,  A,  of  the 
freezing  point  of  the  solvent 
in  consequence  of  the  addition 
of  the  solute,  we  have  the 
necessary  data  for  calculating 
the  molecular  weight  of  the 
solute  in  the  given  solution. 

A  simple  and  improved  form 
of  apparatus  for  determining 
the  rise  of  the  boiling  point  is 
that  devised  by  Jones.  The 
tube  A  is  connected  with  the 
condenser  C  and  contains  a 
known  weight  W  of  the  sol- 
vent, a  known  weight  w  of 
solute,  the  thermometer,  and 
a  platinum  shield  to  protect  the 

thermometer  from  the  effect  FlO.  43.  — Beckmann's  Fio.  «.  — Jones'  Appa- 
Of  the   cooled   liquid    retained         Apparatus  for  mea*.         ratua    for    measuring 

from  the  condenser.  The  tube  ^';''/,i„^P™;°"'  "'  Ri"  of  Boiling  PomL 
is  surrounded  by  asbestos,  rests 

on  wire  gauze,  and  is  heated  by  a  small  flame.  The  difference  between 
the  boiling  point  of  the  pure  solvent  and  that  observed  for  the  solution  is 
the  observed  rise^.  When  C  the  molecular  rise  of  the  solvent  is  known, 
the  data  are  at  hand  for  the  calculation  of  the  molecular  weight  of  the 
solute  according  to  the  formula  gtveo. 


CHAPTER  XIV 

VALENCB 

Having  determined  the  molecular  weights  of  substances. 

Power  of  ^      ^^^  mass-unit  weights  of  the  elements,  and  molecular  symbols 

Mass-units     for  both  elements  and  compounds,  some  fiirther  relations 

„  .  of  the  mass-units  of  the  elements  come  to.  light.      Let  us 

Hydrogen.  /  ^ 

compare  the  molecular  symbols  of  certain  representative 
hydrogen  compounds,  containing  hydrogen  and  one  other  element.  In 
the  molecule  of  gaseous  hydrogen  chloride,  HCl,  one  mass-unit  of 
hydrogen  is  combined  with  one  mass-unit  of  chlorine,  and  the  molecules 
of  hydrogen  bromide,  HBr,  and  hydrogen  iodide,  HI,  are  similar  to  the 
molecule  of  hydrogen  chloride  in  that  they  contain  one  mass-unit  of  the 
characteristic  element  combined  with  one  mass-unit  of  hydrogen.  71u 
mass-units  of  chlorine,  bromine,  and  iodine  possess  individually  the  poiver 
of  combining  with  one  mass-unit  of  hydrogen.  Similarly,  the  molecules 
of  gaseous  hydrogen  oxide,  or  water,  HjO,  and  of  hydrogen  sulphide, 
H2S,  each  consist  of  one  mass-unit  of  the  characteristic  element  com- 
bined with  two  mass-units  of  hydrogen.  The  mass-units  of  oxygen  anJ 
sulphur  obviously  possess  individually  the  power  of  combining  with  two 
hydrogen  mass-units.  The  molecular  symbols  of  nitrogen  hydride  or 
ammonia,  H3N,  phosphorus  hydride,  HgP,  and  arsenic  hydride,  H^As, 
show  that  single  mass- units  of  nitrogen^  phosphorus,  and  arsenic  each 
have  the  power  of  combining  with  three  hydrogen  mass-units.  The 
molecular  symbols  of  carbon  hydride  or  methane,  H4C,  and  silicon 
hydride,  H4Si  indicate  that  carbon  and  silicon  mass-units  each  possess 
the  power  of  combining  with  four  hydrogen  mass-units. 

It  appears,  therefore,  that  the  mass-units  of  certain  elements  possess 
different  powers  for  holding  in  combination  hydrogen  mass-units  in 
molecules  of  hydrogen  compounds.  The  combining  powers  of  the  mass- 
units  of  certain  elements  for  hydrogen  mass-units  are  shown  in  the 
table : 
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Combining  Powers  of  Mass-units  of  Elements  for  Hydrogen 

Mass- UNITS 


Element 

Hydrogen  Compound 

Combining  Power 

Chlorine 

HCl 

Bromine 

HBr 

I 

Iodine 

HI    J 

■  • 

Oxygen  

Sulphur 

HaOl 
HsS  J 

n 

Nitrogen 

Phosphorus 

Arsenic 

HjN 
H3P 
HsAs 

» 

III 

Carbon 

Silicon 

H4C 
H4Si 

• 

IV 

Valence. 


Many  of  the  elements  which  combine  with  hydrogen  are  capable  of 
combining  with  one  another  to  form  compounds  for  which  we  may  write 
molecular  symbols.  Thus  we  have  iodine  chloride,  ICI,  similar  to  hydro- 
gen chloride,  HCl ;  sulphur  chloride,  Cl^S,  similar  to  hydrogen  sulphide, 
HjS;  phosphorus  chloride,  CI3P,  similar  to  phosphorus  hydride,  H.,P, 
and  carbon  chloride,  CI4C,  similar  to  carbon  hydride,  H4C.  The  mass- 
units  of  certain  elements  which  have  the  power  of  combining  with  a  defi- 
nite number  of  mass-units  of  hydrogen  may  show  the  same  power  for 
combining  with  mass-units  of  elements  other  than  hydrogen. 

The  power  of  the  mass- unit  of  one  element  to  hold-  in 
combination  a  definite  number  of  mass-units  of  another  ele- 
ment we  call  the  valence  of  the  element;  andy  assuming  the  valence  of 
hydrogen  to  be  J,  we  express  the  'valence  of  other  elements  in  terms  of  the 
valence  of  hydrogen. 

Thus  we  say  that  in  hydrogen  chloride,  HCl,  chlorine  has  a  valence 
of  I,  since  one  mass-unit  of  chlorine  is  in  combination  with  one  mass- 
unit  of  hydrogen,  and  for  similar  reasons  we  say  that  in  hydrogen 
bromide,  HBr,  and  hydrogen  iodide,  HI,  bromine  and  iodine  each 
have  a  valence  of  I.  So  also  we  may  say  that  in  hydrogen  oxide,  HgO, 
oxygen  has  a  valence  of  II,  that  in  nitrogen  hydride,  NH3,  nitrogen  has 
a  valence  of  HI,  and  that  in  carbon  hydride,  CH4,  carbon  has  a  valence 
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of  IV,  while  in  corresponding  hydrogen  compounds  sulphur  has  a 
valence  of  II,  phosphorus  and  arsenic  have  a  valence  of  III,  and  silicon 
a  valence  of  IV.  In  like  manner,  in  iodine  chloride,  ICl,  both  iodine 
and  chlorine  have  the  valence  I,  in  sulphur  chloride,  CljS,  chlorine  has 
the  valence  I  and  sulphur  the  valence  II,  in  phosphorus  chloride,  ClgP, 
chlorine  has  the  valence  I  and  phosphorus  the  valence  III,  while  in  car- 
h^  chloride,  CI4C,  chlorine  has  the  valence  I  and  carbon  the  valence  IV. 
In  expressing  the  valence  of  an  element  it  is  convenient  to  make  use 
of  the  Latin  derivatives,  and  to  say  that  in  the  hydrogen  compounds, 
and  the  other  compounds  which  we  have  mentioned,  hydrogen,  chlorine, 
bromine,  and  iodine  are  univa/^nt,  oxygen  and  sulphur  are  bivalent^ 
nitrogen,  phosphorus,  and  arsenic  are  trivalent^  and  that  carbon  and 
silicon  are  quadrwalent. 

Variation  in  If  we  extend  our  investigation,  we  find  that  in  many  cases 
Valence.  /^^  valence  of  the  elements  appears  to  vary  with  conditions 
and  association.  Whenever  we  see  a  varying  power  of  combination 
between  hydrogen  and  other  elements,  or  between  oxygen  and  other 
elements,  we  assume  that  it  is  the  valence  of  the  other  elements  which 
is  variable.  Hydrogen  always  has  a  valence  of  I  and  oxygen  ordinarily 
has  a  valence  of  Ily  while  the  valence  of  elements  other  than  hydrogen 
and  oxygen  does  not  always  appear  to  be  the  same  in  different  com- 
pounds. We  know  of  but  one  hydrogen  compound  of  chlorine,  hydrogen 
chloride,  HCl,  and  in  this  compound  chlorine  is  univalent ;  in  chlorine 
monoxide,  CI2O,  also,  the  chlorine  is  univalent;  but  besides  chlorine 
monoxide  we  know  other  compounds  of  chlorine  in  which  its  valence 
appears  to  be  III,  V,  and  even  VII.  Sulphur  is  bivalent  in  hydrogen  sul- 
phide, HjS,  quadrivalent  in  sulphur  dioxide,  SOo,  and  sextivalent  in  sul- 
phur trioxide,  SOj.  Nitrogen  appears  to  be  trivalent  in  ammonia,  NHj, 
and  pentavalent  in  ammonium  chloride,  NH4CI,  while  carbon  is  quadri- 
valent in  carbon  dioxide,  CO^,  and  bivalent  in  carbon  monoxide,  CO. 
Graphic  Heretofore  in   our   molecular  symbols,  such  as    Hj,  Oa 

Symbols.  HgO,  we  have  made  no  attempt  to  indicate  by  any  sign  the 
valence  of  the  constituent  mass-units  of  the  molecules.  In  the  mass- 
unit  symbols,  such  as  H,  O,  N,  C,  it  is  sometimes  convenient  to  indicate 
valence  by  affixing  to  the  mass-unit  symbol  a  Roman  numeral  corre- 
sponding to  the  valence.  Thus  H^  means  that  hydrogen  is  univalent, 
C  that  oxygen  is  bivalent,  N"'  that  nitrogen  is  trivalent,  C*^  that  car- 
bon is  quadrivalent.     Or,  it  may  best  serve  our  purpose  to  represent 
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valence  by  affixing  to  the  mass-unit  symbols  bonds,  or  lines,  each  bond 

or  line  representing  one  unit  of  valence,  or,  we  may  say,  one  affinity. 

Symbols  in  which  the  valence  is  indicated  by  bonds  are  called  graphic 

symdols.      Thus  we  may  represent  the  mass-unit  of  hydrogen  by  the 

symbol  H— ,  that  of  oxygen  by  the  symbol  0=,  or  —  O— ;  that  of 

I 
nitrogen  by  the  symbol  N=,  or  =N— ,  or  — N— j  and  that  of  carbon 

I 
by  the  symbol  C=,  or  =C=,  or  —  C— .    The  molecule  of  hydrogen 

I 
we  may  represent  by  the  symbol  H— H,  the  molecule  of  oxygen  by  the 

symbol  0=0,  and  the  molecule  of  water  by  the  symbol  jryO,  or 

H  —  O — H.     In  these  graphic  symbols  the  manner  of  arrangement  of 
the  bonda  about  the  mass-unit  symbols  is  a  matter  of  convenience  only 

Graphic  Molecular  Symbols  of  Hydrogen  Compounds 
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Hydrogen  chloride 
Hydrogen  bromide 
Hydrogen  iodide 
Hydrogen  oxide 
Hydrogen  sulphide 


Ammonia 


Phosphorus  hydride 


Arsenic  hydride 


Methane 


Common  Symbol 


HCl 

HBr 

HI 

H2O 

HsS 

H^ 


HsP 


HsAs 


H4C 


Silicon  hydride 


H4Si 


Graphic  Symbol 


H-a 

H-Br 
H-I 
H-O-H 
H-S-H 

H-N 
H/ 

S\ 
H-P 

h/ 

«\ 
H-Ab 

h/ 

H 

I 
H-C-H 

I 
H 

H 

I 
H~Si-H 

I 
H 
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By  means  of  graphic  symbols  thus  constructed  the  relations  of  the 
mass-units  in  the  molecules  of  the  hydrogen  compounds  of  the  preced- 
ing table  are  clearly  brought  to  light. 

Similarly  we  may  write  graphic  symbols  for  the  compounds  of  chlorine, 

iodine,  sulphur,  carbon,  and  silicon  with  one  another.     Thus  we  have 

iodine    chloride,    I  — CI;    sulphur    chloride,    CI— S— CI;    phosphorus 

CI 
/CI  I 

chloride,  P— CI;  and  carbon  chloride,  CI— C— CI. 
\Cl  1 

CI 

In  most  elementary  molecules  consisting  of  two  mass-units 
of  Affinities  ^f  ^^^  ^^  ^^^  valence y  affinities  of  dijferent  mass-units  of 
in  Molecules   the  same  kind  satisfy  one  another. 

Thus,  in  the  molecule  of  hydrogen,  H— H,  we  conceive 
the  two  mass-units,  H—  and  —H,  to  be  united  to  each  other  by  a 
single  affinity;  two  mass-units  of  oxygen,  0=  and  =0,  are  united  in 
one  oxygen  molecule,  0=0,  each  mass-unit  being  linked  to  the  other 
by  two  affinities ;  and  two  mass-units  of  nitrogen  may  be  represented  as 
united  to  one  another  by  three  affinities  in  the  molecule  of  nitrogen, 
N  =  N. 

In  a  few  elementary  molecules,  which  consist  of  one  mass-unit  of  even 
valence,  we  have  instances  of  affinities  of  the  same  mass-units  satisfying 
one  another.  Thus  we  may  consider  that  in  the  zinc  molecule  the  two 
affinities  satisfy  one  another,  as  shown  in  the  symbol  Zno,  or  '-Zn- ,  and 
similarly  we  may  represent  the  molecule  of  Cadmium  by  the  symbol 
Cdo ,  and  the  mercury  molecule  by  the  symbol  Hgrs . 

In  the  molecules  of  compounds  the  affinities  of  mass-units 
of  Affinities  ^^^  ^^  satisfied  by  the  affinities  of  other  mass-units ,  of  differ- 
in  Molecules   ent  kinds  or  of  the  same  kind. 

Compounds  Thus,  in  the  molecule  of  hydrogen  chloride,  H— G,  two 
different  mass-units  are  linked  together  by  the  union  of 
single  affinities.  In  one  molecule  of  water,  H— O— H,  two  hydrogen 
mass-units,  H—  and  —  H,  and  one  oxygen  mass-unit,  — O— ,  arc 
represented  as  combined,  the  molecular  symbol  indicating  that  the  two 
affinities  of  the  oxygen  mass-unit  are  satisfied  by  the  affinities  of  two 

/H 
hydrogen  mass-units ;  in  one  molecule  of  ammonia,  N  —  H,  the  afna> 

\H 
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ities   of  three  hydrogen  mass-units  satisfy  the  three  affinities  of  one 

H 

I 
nitrogen  mass-unit;  while  in  the  molecule  of  methane,  H— C— H,  the 

I 
H 

four  affinities  of  one  carbon  mass-unit  are  satisfied  by  the  four  affinities 

of  four  hydrogen  mass-units. 

In  many  compounds  of  carbon,  each  of  two  mass-units  of  carbon  is 

held    to  the  other  with   mutual   satisfaction  of  affinities :   in  ethane, 

H    H  H    H 

II  II 

H — C— C— H,  by  one  affinity;  in  ethylene,  H— C=C— H,  by  two 

I      I 
H    H 

affinities;  and  in  acetylene,  H— C=C— H,  by  three  affinities. 
Odd  ^«^  ^^  ^^  been  pointed  out  that  in  many  cases  we  must  con- 

Even  sider  an  element  to  have  different  valences  in  different  com- 

Valence.  pounds.  'In  the  case  of  elements  of  more  than  one  valence  it 
appears  that  the  different  valences  may  usually  be  represented  by  odd  or 
even  numbers  which  differ  from  one  another  by  two.     Thus,  in  sulphur 

dioxide,  Sx^  ^,  sulphur  is  quadrivalent,  and  in  sulphur  trioxide,  S=0, 
^^  %0 

/CI 
it   is  sextivalent.      In  phosphorus  trichloride,  P— CI,  phosphorus  is 

\C1 

/CI 
/CI 
trivaleht,   while  in    phosphorus    pentachloride,    P— CI,  phosphorus  is 

\C1 
\C1 

quinquivalent.  The  valences  of  sulphur  are  represented  by  even 
numbers,  differing  from  one  another  by  two,  and  the  valences  of 
phosphorus  are  represented  by  odd  numbers  differing  from  one  another 
by  two. 

Under  certain  conditions y  ho7vever,  certain  elements  may  exhibit  both 
odd  and  even  valences  in  different  combinations.  Thus  in  nitrosyl  chlo- 
ride, N\p|i  nitrogen  is  represented  with  a  valence  of  III,  while  in  nitro- 
gen dioxidcj  N=0,  which  may  be  formed  from  nitrosyl  chloride  by 
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heatings  the  valence  of  nitrogen  appears  as  II.    So  also  in  nitrogen 


tetroxide  at  low  temperatures,   |         ,  nitrogen  has  a  valence  of  V,  while 

in  the  dissociated  nitrogen  tetroxide  of  moderate  temperatures,  N^q^ 

we  give  nitrogen  a  valence  of  IV.  In  the  case  of  nitrogen  the  valences 
III  and  V  are  the  prevailing  valences  of  nitrogen  in  most  of  its  com- 
pounds, whereas  the  valences  II  and  IV  in  the  examples  shown  are 
exceptional  for  nitrogen. 

Latent  Molecules  of  many  compounds  in  which  mass-units  of  the 

▲fflnitiet.  same  kind  are  linked  together  by  mutual  satisfaction  of  affin- 
ities, and  molecules  of  many  compounds  in  which  the  characteristic  ele- 
ments exhibit  less  than  their  maximum  valences^  are  scud  to  possess  latent 
canities.    Thus,  in  ethylene,  H— Cs=C— H,  each  carbon  mass-unit  has 

I      I 
H    H 

one  latent  affinity,  while  in  acetylene,  H— C=C— H,  two  affinities  of 

each  carbon  mass-unit  are  latent.    In  sulphur  dioxide,  S^q,  sulphur 

/Cl 
has  two  latent  affinities;  in  phosphorus  trichloride,  P— CI,  phosphonis 

\C1 

has  two  latent  affinities ;  in  nita-ogen  dioxide,  N=0,  nitrogen  has  three 

latent  affinities,  and  in  dissociated  nitrogen  tetroxide^  ^Co'  ^^^^S^^ 

has  one  latent  affinity. 

^  ^  A  molecule  in  which  there  are  no  latent  affinities  is  said  to 

and  ^^  saturated;   while   a  molecule  which  has  one  or  more 

Unsaturated  latent  affinities  is   unsaturated.      Thus,    the    molecule   of 

acetylene,   H— CsC  — H,  is  unsaturated,  because  by  the 

direct  addition  of  mass-units  of  hydrogen,  ethylene,  H— C=C— H, 

I       I 
H    H 

unsaturated    in  less   degree,   and  the  completely  saturated  ethane, 

H    H 

I      I 
H— C— C— H,  may  result.    In  the  molecule  of  ethane  the  two  car- 

I      I 
H    H 
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bon  mass-untts  are  held  together  each  by  a  single  affinity,  and  further 
addition  of  hydrogen,  if  such  addition  could  be  made,  would  break 
down  the  molecule  into  two  molecules  of  methane. 

Q,  is  unsaturated  because  by  direct 

addition  of  oxygen  it  may  pass  into  the  saturated  molecule  of  sulphur 

^  /CI 

trioxide,  S=0,  and  the  molecule  of  phosphorus  trichloride,  P— CI,  is 

^O  \Cl 

unsaturated  because  by  direct  addition  of  chlorine  it  may  pass  into  the 

saturated  molecule  phosphorus  pentachloride,  P— CI . 

\C1 
\Cl 

In  the  saturation  of  the  acetylene  molecule  by  addition  of  hydrogen 
the  latent  affinities  of  carbon  become  active  3  and  similarly  the  satura- 
tion of  the  sulphur  dioxide  molecule  by  addition  of  oxygen  and  the 
saturation  of  the  phosphorus  trichloride  molecule  by  addition  of  chlorine 
bring  into  activity  the  latent  affinities  of  sulphur  and  phosphorus.  We 
frequently  speak  of  compounds  like  acetylene,  sulphur  dioxide,  and 
phosphorus  trichloride,  whose  molecules  are  unsaturated,  as  unsaturated 
contpoundSy  while  compounds  whose  molecules  are  saturated  are  called 
saturated  compounds. 

Sometimes  we  may  conveniently  consider   portions  of 
molecules  as  units  for  purposes  of  discussion,  without  con- 
sidering whether  they  actually  exist  out  of  combination.     For  example, 
we   may  set  apart  the  group  —  O— H   and   speak  of  its  union  with 

H 
1 
the  mass-unit  H—  to  form  H— O— H,  or  in  the  compound  H— C— CI 

H  A  ■ 

we  may  speak  of  the  union  of  the  group  H— C—  with  —CI.  Or  we 
may  speak  of  the  union  of  the  group  H— O—  with  the  group   H— C— 

»  i 

to  form  H— C— O— H.     Such  parts  of  molecules  ^  set  apart  for  convene 

I 
H 
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tence^  and  regarded  as  possessing  free  affinities  and  capable  of  uniting 
with  mass-units  or  with  other  parts  of  molecules^  we  call  radiccUs. 

H 

I 
Thus  —  O— H  and    H— C—  are  univalent  radicals  known  as  hydroxyl 

I 
H 

and  methyl  respectively. 

The  electrically  charged  parts  of  molecules,  or  ions,  which 

appear  in  processes  of  electrolysis,  and  which  take  part  in 

reactions,  have  certain  latent  powers  of  combination,  and  may  therefore 

be  represented  in  the  same  manner  that  we  represent  radicals.     Thus 

+  — 

the  symbols  Na  and  CI  represent  ions  of  the  assumed  molecule  Na — G, 

+  — 

and   2K   and    =[PtCl«]   stand   for  ions    of   the   assumed    molecule 

KjPtCl^.  Since  the  hydrogen-oxygen-ion,  —  O— H,  which  we  have 
_.  followed  in  many  reactions,  is  identical  in  its  mass-units 

Hydroxyl-  with  the  radical  hydroxyl,  it  is  conveniently  designated  as 
*on.  the  hydroxyl-ion. 

The  use  of  graphic  symbols  leads  to  the  notion  of  constitu- 

of  Mass-         ^^^»  ^^  definite   relationship   of  mass-units,  of  molecules, 

units  in  In  the  molecule,  H  — O— H,  it  is  plain  that  the  oxygen 

mass-unit  links  together  the  hydrogen  mass-units,  and  so 

serves  a  purpose  different  from  that  shown  by  either  hydrogen  mass- 

H 

I 
unit;  so  also  in  the  molecule  H— C— H  the  carbon  mass-unit  serves 

I 
H 

the  purpose   of  binding  the  hydrogen  mass-units  to  itself.      In  the 

H    H 

I      I 
molecule  H— C— C  — H  the  relation  of  each  carbon  mass-unit  to  the 

I      I 
H    H     • 

molecule  is  the  same  as  that  of  the  other  —  each  is  linked  to  three 
hydrogen  mass-units,  and  there  is  nothing  to  show  that  any  hydrogen 
mass-unit  has  any  different  function  from  any  other  hydrogen  mass-unit. 
Let  us  suppose,  however,  that  two  hydrogen  mass-units  are  to  be  removed 
from  the  molecule,  and  substituted  by  one  bivalent  oxygen  mass-unit 
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The  oxygen  mass-unit  may  substitute  two  hydrogen  mass-units  joined  to 

H    H 

I      I 
the  same  carbon  mass-unit,  giving  H— C— C  =  O,  or  it  may  replace  two 

I 
H 

hydrogen    mass-units  joined   to   different   carbon    mass-units,   giving 

H    H 

I      I 
H— C— C— H.    These  two  symbols,  which,  when  written  empirically  in 

O 
the  form  QH^O,  appear  to  be  identical,  are  in  reality  the  symbols  of 
two  distinctly  different  compK)unds  which  may  be  formed  by  the  substi- 
tution of  one  oxygen  mass-unit  for  two  hydrogen  mass-units  in  the 
molecule  of  ethane,  CsHq.  Furthermore,  we  are  led  by  the  study  of  the 
behavior  of  these  two  substances  in  reactions  to  believe  that  in  one  of 
them  the  oxygen  mass-unit  stands  in  close  relation  to  only  one  carbon 
mass-unit,  while  in  the  other  the  oxygen  mass-unit  is  related  closely  to 
both  carbon  mass-units.  Such  compounds  as  ihese^  whose  moUcuUs  are 
made  up  of  the  same  numbers  and  the  same  kinds  of  mass- 
unitSy  whichy  ho^vever,  seem  to  be  differently  related  within 
the  molecules  of  the  different  compounds,  are  called  isomeric  compounds^ 
or  isomers y  and  the  relation  of  isomers  is  called  isomerism. 
Graphic  While  the  development  of  the  system  of  graphic  notation 

Equiyalent  implies  in  the  first  instance  a  knowledge  of  molecular  sym- 
Symbo  8.  ^^j^^  ^^^^  having  learned  something  of  the  prevailing  valences 
of  certain  elements  in  characteristic  compounds  we  mcry  extend  the  use 
of  the  graphic  notation  to  caver  the  equivalent  symbols  of  certain  sub- 
stances containing  elements  of  established  valence.  It  must  be  remem- 
bered, however,  that  such  graphic  equivalent  symbols,  having  been 
estcUflished  by  analogies  only,  give  no  information  of  actual  molecular 
weights,  and  illustrate  proportionate  composition  only. 
The  Symbol  The  symbol  H— O— H  is  a  molecular  symbol  represent- 
for  Water.  {^g  tjjg  constitution  and  molecular  weight  of  water  in  the 
gaseous  condition.  We  have  no  right  to  assume  that  the  molecule  of 
water  in  the  liquid  condition  or  in  the  solid  condition  is  represented  by 
the  symbol  HjO.  On  the  contrary,  we  have  evidence  in  certain  physical 
relations  which  goes  to  show  that  the  molecule  weight  of  liquid  water  at 
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o^  may  correspond  to  the  symbol  (H](0)4.  It  is  convenient,  however,  to 
use  in  dealing  with  the  reactions  of  liquid  water  the  symbol  H,0,  which, 
in  this  case  and  so  far  as  concerns  the  molecule  of  liquid  water,  is  the 
equivalent  symbol  rather  than  the  molecular  symbol.  The  electrolysis 
of  liquid  water  may,  therefore,  be  shown  in  the  expression, 

H-O-H  ^  jiH-H  +  0=»0 
H-O-H  "  T  ^^     w 

but  we  must  recognize  the  fact  that  we  are  here  dealing  with  the  equiva- 
lent symbol  of  liquid  water,  though  the  symbols  H— H  and  0=O,  for 
hydrogen  and  oxygen,  represent  the  molecules'of  these  elements  evolved 
in  gaseous  condition.  Similarly,  the  reaction  between  liquid  water  and 
sodium  may  be  represented  by  the  expression, 

Na       H-O-H  ^  Na-O-H   .   „_„ 
Na       H-O-H       Na-O-H  "*" 

although  the  symbols  for  water  in  the  liquid  condition  and  for  sodium 
hydroxide  are  equivalent  symbols,  the  form  of  the  latter  being  fixed  by 
its  obvious  relation  to  the  symbol  of  water.  In  expressing  relations  hy 
means  of  graphic  symbols  it  is  to  be  assumed  that  such  symbols  are  equiva* 
lent  symbols  and  represent  only  ideal  molecules^  unless  we  have  specific 
knowledge  that  they  represent  determined  molecular  weights  and  therefore 
true  molecules, 

^^A^A^^  Looking  back  over  our  former  work,  it  is  obvious  that 
and  OzidM.  ^^^^y  ^f  j^e  relations  which  we  have  observed  in  the  con- 
stitution of  compounds  may  be  advantageously  expressed  by  the  aid  of 
graphic  symbols.  For  example,  the  relation  between  hydroxides  and  the 
oxides  to  which  they  correspond  may  be  clearly  brought  out  graphically. 
Thus  calcium  hydroxide,  Ca(0H)2,  containing  the  elements  of  calcium 
oxide,   CaO,  and    of   water,    HjO,    is    represented    by    the    symbol 

^^nI^O  —  H   ^^^  ^^  ^^^^  *^^*  calcium  hydroxide  is  formed  by  the 

union  of  the  two  oxides  and  again  decomposable  into  them  by  heat,  is 
shown  in  the  equation, 

Ca=0  +  H-O-H— ^Ca/^"^ 

Similarly,  sulphuric  acid,  HoSO*,  derived  from  sulphur  trioxide,  SO^ 
and  water,  H^O,  has  its  constitution  shown  by  the  symbol. 


H~Oi\g^O 

H-:o/%o 
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and  the  reaction  of  formation  and  decomposition  of  sulphuric  acid  is 
shown  by  the  equation, 

Sio  +  H-0-H^«:0>S<0 

Similar  relations  become  apparent  for  potassium  hydroxide,  KOH,  when 
we  write  the  symbols  for  two  molecules  of  that  compound, 

K-^o:-_H 

Kj"-6-H 

from  which  we  see  that  it  contains  the  elements  of  potassium  oxide,  K^O, 
and  water,  HjO,  although  potassium  hydroxide  does  not  decompose  into 
these  two  oxides  when  heated. 

Romua  ^^  j^/«^  hydroxides  the  mass-units  of  the  characteristic 

Hydrozidet  elements  are  combined  with  the  maximum  number  of  hydroxy  I 
and  Oxy-  groups  called  for  by  the  valence^  and  such  hydroxides  are 
hydroxides.  caUed  normal  hydroxides^  while  other  hydroxides  which  con- 
tain less  than  the  maximutn  number  of  hydroxy  I  groups  are  known  as  oxy- 
hydroxides.    Thus,  potassium  hydroxide,  K—O—H,  calcium  hydroxide. 


f^    TT,   and    ferric    hydroxide,    Fe— O  — H,  are    normal  basic 

H-.0\  \^-H  glgx 

hydroxides;  boric  acid,    H— O— B,  and  orthosilicic  acid,  ^r    rk  ySf, 

H-O/  glg^ 

fiimish  examples  of  normal  acidic  hydroxides ;  while  the  common  acids, 
sulphuric  acid,   frZoy^Co'  ^"^  nitric  acid,  H—O—N^q,  furnish 

examples  of  acidic  oxyhydroxides. 

In  many  instances  oxyhydroxides  may  be  formed  by  the  removal  of 
water  from  normal  hydroxides  by  heat.  Thus,  when  the  normal  alu- 
minium hydroxide,  Al(OH)s,  is  heated,  aluminium  oxyhydroxide, 
AIO(OH),  results. 

Al-Ol-H  =  AK  +  H-O-H 

and  when  orthoboric  acid,  H3BO8,  a  normal  hydroxide,  is  heated,  meta- 
boric  acid,  HBO,,  an  oxyhydroxide,  is  formed,  which  by  further  heating 
gives  tetraboric  acid,  H2B4O7,  another  oxyhydroxide. 

^-^\  OvV 

H!-0^  »  „     r>B  +  H-O-H 


2o6 
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H~0-B 


0<> 


H-O 

iii-o 
H-o; 

H-O 


B=0 
B=0 
B=0 
B=0 


B 
\ 
O  +  H-O-H 

/ 

B 


0<> 


H-O-B 

The  ordinary  sulphuric  acid,  HjsSO/,  is  by  constitution  an  oxyhydroxide 
which  may  be  considered  to  be  derived  by  removal  of  water  from  a  normal 
hydroxide,  H^SOei  which,  there  is  reason  to  believe,  exists  in  suitably 
concentrated  solutions  of  sulphuric  acid  in  water. 

H-O, 

H-OsX  H-O, 

l^i|=         S»-H-0-H 

h:-o/       h-O' 


Bqnatlons 
Represent- 
ing the 
Formation 
of  SalU. 


Graphic  symbols  may  be  employed  to  advantage  in  repre- 
senting the  part  played  by  the  ions  in  the  formation  of 
salts.  Thus,  we  represent  the  action  of  hydrochloric  acid, 
HCl,  upon  sodium  hydroxide,  NaOH,  to  form  sodium  chloride, 
NaCl,  by  the  equation, 

^-.Cl  4-  ^a-O^H  =  iVa-Cl  +  H-O-H 

and  the  action  of  nitric  acid,  HNO3,  upon  sodium  hydroxide,  NaOH, 
to  form  sodium  nitrate,  NaNOs,  by  the  equation, 


J7-0-N^  +  Na-O^  =  i\^a-0-N^Q  +  H-O-H 

So  also  we  may  represent  the  action  of  sulphuric  acid,  H2SO4,  upon 
sodium  hydroxide,  NaOH,  to  form  neutral  sodium  sulphate,  NasS04,  by 
the  equation, 


+ 
+ 


H-O-H 


'-CK    ^O        iVa-O-H        Na-OKAO 

^-0/^0  ^  Na-O^  ""  Na-O/^0  "     H-O-H 

and  the  reaction  of  the  same  substances  to  form  acidic  sodium  hydrogen 
sulphate,  NaHS04,  by  the  equation, 
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We  may  also  represent  graphically  the  action  of  sodium  hydroxide, 
NaOH,  upon  the  acidic  sodium  hydrogen  sulphate,  NaHS04,  to  form 
neutral  sodium  sulphate,  Na2&04 

The  formation  of  zinc  chloride,  ZnClj,  by  the  interaction  of  hydro- 
chloric acid,  HCl,  with  zinc  hydroxide,  Zn(OH)j,  and  with  zinc  oxide, 
ZnO,  is  shown  in  the  equations, 

^-CI        +  /O^H        +     CI      H-O-H 
+    _   +  -Z<  _1_  =  Zn<(  _  + 

B-cx        Nd-h         x:i     h-o-h 

-^-Cl  +   yCl 

+     -   +  Zn=0  =  Zn<C  -  +  H-O-H 

-^-Cl  \ci 

The  formation  of  magnesium  sulphate,  MgS04,  hy  the  action  of  sulphuric 
acid,  H2SO4,  upon  magnesium,  appears  in  the  equation,  - 


^4-Mg  =  ^K^^4-H-H 


+ 

m 

+ 

B- 

The  interaction  of  hydrochloric  acid,  HCl,  and  nitric  acid,  HNOj, 

now  appears  as 

+  + 

+     -       .—^    ^O      "^O 
^-.Cl  +  ^-O-NC     =  NC        -  +  H-0~H 

while   that  between  sodium   hydroxide,  NaOH,  and  zinc  hydroxide, 
Zn(OH)2,  appears  in  the  equation, 


+  / * N  + 


7Vb-0-H        ^-O.  iVfl-Ov  H-O-H 

+     ^^-.  +     ^        >Zn  =     ^        j>Zn  + 
JVa-O-H        H-Q/  Na^-Cy  H-O-H 
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The  formation  of  the  basic  bismuth  hydroxynitrate,  Bi(OH),NOj,  by 
the  action  of  water  upon  neutral  bismuth  nitrate,  Bi(NOa)to  may  be  fol- 
lowed in  the  equation, 


o-< 


0-H 


^  _^"      H-O-H  \  - '— ^ 

Baticity  An  examination  of  the  graphic  symbols  of  acids  and  bases 

an^Acidity    ^^^^^  ^^  ^^^^  ^^^  basicity  of  the  (uids  and  the  acidity  of  the 
of  Bates.        bases.    An  acid  such  as  hydrochloric  acid,  -^Cl,  or  nitric 

acid,  Z^NOg,  with  one   hydrogen-ion   in  the  true  or  ideal  molecule, 

^  — «-- 
is  a  monobasic  acid  ;  while  acids  which,  like  sulphuric  acid,  H^O^  con- 


tain two  hydrogen-ions,  are  dibasic  acids.    Similarly,  boric  acid.  Hi  BOa,  is 

tribasic,  and  orthosilicic  acid,  JI^  Si  O4  is  tetrabasic.     In  like  manner, 

sodium  hydroxide,  NaOH,  and  other  basic  hydroxides  containing  one 
hydroxyl-ion  in  the  molecule,  are  monacidic  bases ;  calcium  hydroxide, 

CV7(0H)s,  and  other  similar  bases  are  diacidic ;  while  aluminium  hydrox- 
ide, >//(OH)3,  when  acting  like  a  base,  is  triacidic. 

It  may  be  readily  observed  that  with  a  monobasic  acid  a  monaddic 
base  may  form  only  one  salt,  and  that  a  neutral  salt ;  while  with  a  dibasic 
acid  a  monacidic  base  may  form  two  salts  —  a  neutral  salt  and  one  acidic 
salt ;  and  with  a  tribasic  acid  a  monacidic  base  may  form  three  salts,— 
one  neutral  salt  and  two  acidic  salts.  Corresponding  relations  between 
dibasic  acids  and  diacidic  bases,  and  between  other  polybasic  acids  and 
polyacidic  bases  become  apparent  upon  examination. 

Proportional  Graphic  symbols  shout  clearly  the  proportions  of  basic 
Composition  oxide,  acidic  oxide^  and  water  present  in  the  molecule  of 
of  Saita.        a  salt.     An  ideal  molecule  of  neutral  potassium  sulphate, 
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K95O4,  contains  one  molecule  of  potassium  oxide,  K2O,  and  one  mole* 
cule  of  sulphur  trioxide,  SOs,  as  shown  in  the  symbol, 

and  tivo  ideal  molecules  of  acidic  potassium  hydrogen  sulphate,  KHSO4, 
contain  one  molecule  of  potassium  oxide,  KgO,  two  molecules  of  sulphur 
trioxide,  SOj,  and  one  molecule  of  water,  H2O. 

0.V    <9.T.?.„Kl-0\^ 


><■ 


:./ 


o;-H  H-o; 

■ 

Two  ideal  molecules  of  neutral  bismuth  nitrate,  Bi(N08)8,  contain  one 
of  bismuth  oxide,  BisOa,  and  three  of  nitrogen  pentoxide,  NaOa, 


J 


O-Ntf 


Bif-O- 


\ 


< 


BiHo-NC^ 


o- 


and  two  ideal  molecules  of  basic  bismuth  hydioxynitrate,  Bi(OH)|NOs, 
contain  one  molecule  of  bismuth  oxide,  Bi,0„  one  molecule  of  nitrogen 
pentoxide,  NjOj,  and  two  molecules  of  water,  HjO. 

10 -H 
Bi^O;-H 


O 


O 


< 


./ 
\0-H 


Bic-O 


-N 


^ 


H 
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Polymeiixa-  Besides  the  relations  of  structure  involving  mass-units  within 
tionof  a  molecule,  certain  compounds  of  molecules  with  other 

Xolecalet.  molecules  demand  consideration.  We  have  seen  that  certain 
molecules  may  be  regarded  as  unsaturated.  For  example,  in  the  case 
of  the  molecule  of  acetylene,  H  —  C  =  C  —  H,  it  is  possible  to  make 
A   tvi  other  molecules  by  addition  of  other  mass-units,  such  as 

^  "*'  chlorine,  bromine,  or  hydrogen.  It  is  equally  possible  to 
polymerize  acetylene,  making  three  molecules  combine  to  form  benzene, 
CeHa,  which  we  may  represent  by  the  symbol, 

H 

I 

C 

/   % 
H-C         C-H 

I  I 

H-C         C-H 

\   ^ 
C 

I 

H 

In  thus  combining  molecules  of  acetylene  with  one  another,  use  has  been 
made  of  residual  or  unused  valences  of  the  carbon  mass-units. 

It  has  been  proposed  to  explain  the  formation  of  the  so- 
SaUa^  called  dotibU  salts,  by  assuming  the  existence  of  residual 

valences  in  the  molecules  involved.  The  molecules  of  the 
double  chloride  of  aluminium  and  sodium,  NaCl .  AlClj,  and  of  the 
double  fluoride  of  aluminium  and  sodium,  3NaF.AlFs,  may  be  rep- 
resented by  assuming  the  polyvalence  of  the  mass-units  of  chlorine 
and  fluorine,  as  shown  in  the  symbols, 

.CI  Na-F=F\ 

Na-Cl=Cl-Al<   II  Na-F=F— Al 

^Cl  Na-F=F/ 

Water  of  ^^  similar  manner,  the  attachment  of  water  of  crystalliza- 

CiyttaUixa-  tion  in  many  salts  may  be  attributed  to  the  development 
**•"•  of  residual  valences  in  the  oxygen  mass-unit  of  the  water 

molecule.  Thus  we  have  rea»n  to  believe  that  the  molecule  of  liquid 
water  is  to  be  regarded  as  a  polymerized  form  of  the  molecule  of 
gaseous  water,  and  such  polymerization  may  easily  be  represented  if 
we  are  willing  to  assume  quadrivalence  of  the  oxygen  mass-unit    H 
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we  give  to  oxygen  a  possible  valence  of  four,  then  ozone,  Oa,  may  be 
represented  by  the  symbol,  O^    ,  and  water  in  various  conditions  of 

polymerization  may  be  represented  by  the  symbols, 

H  H 

HN^^^/H  H>0-0<«  Hy\/H 

/\  5 

HH  /\ 

H  H 

The  representation  of  the  attachment  of  any  number  of  simple  water 
molecules,  or  polymerized  groups  of  water  molecules,  to  a  molecule  con- 
taining oxygen  or  other  polyvalent  mass-unit,  may  then  be  a  simple 
matter. '  For  hydrous  barium  chloride,  BaClj .  2  H^O,  we  may  then 
have  the  symbol,  _ 

and  for  the  hydrous  calcium  chloride,  CaCl2 . 6  H2O,  we  may  have  the 
symbol,  ^  ^ 


Moreover,  the  more  or  less  close  relation  of  water  of  crystallization  to  the 
molecules  may  be  indicated  by  the  position  of  attachment.  Thus  the 
molecule  of  the  hydrous  crystallized  BaCl^ .  2  HjO,  easily  dehydrated 


212  OUTLINES  OF  INORGANIC  CHE;MISTRY 

without  loss  of  chlorine  by  hydrolysis,  may  be  represented  by  the 
symbol, 

Cl=0<f 

\  /H 

C1=(X 

while  in  the  case  of  hydrous  aluminium  chloride,  AlClg  •  6  HjO,  from 
which  no  water  may  be  expelled  without  hydrolytic  decomposition  of 
the  salt,  the  peculiar  relation  of  the  water  may  be  brought  out  by  the 
symbol,  ^    ^ 

I      I 
.0-0— CI 

I    I 

H   H 
H   H 

I     I 

Aif 0-0 -a 

I    I 


H    H 

Other  hydrous  salts,  from  which  a  part  of  the  water  may  be  driven  without 
hydrolytic  decomposition,  while  a  part  is  involved  in  hydrolysis,  may  be 
similarly  represented,  as  in  the  case  of  magnesium  chloride  MgCls.  6  HjO, 


Ammonia  The  combination  of  ammonia  molecules  with  the  molecales 

Compounds,  of  certain  salts,  for  example,  copper  sulphate,  CUSO4,  may 
be  similarly  attributed  to  the  satisfaction  of  residual  valences  in  the 
nitrogen  mass-units,  as  shown  in  the  symbols, 
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N-H      and 

\h 


-N-H 

\h 

-N-H 

\h 


onits. 


Eleetzlaal  ^^^  ^^*  ^  ^^'^  ^^^  report  at  the  electrical  relations  of 

Cbarges  tf  elements  taking  part  in  chemical  reactions.  We  have  seen' 
that  the  electrical  equivalents  of  elements,  —  those  weights  of 
substances  which  are  associated  in  a  chemical  reaction  with 
the  development  or  conveyance  of  the  same  quantities  of  electricity,  — 
are  identical  with  the  chemical  equivalents  taking  part  in  the  reaction. 
When  we  experiment  with  gram-equivalents  of  the  elements,  we  find  that 
1  gram-equivalent  of  oxygen  or  of  any  other  element  requires  for  its 
separation  in  electrolysis  nearly  193,000  coulombs  of  electricity.  Know- 
ing the  relation  of  the  mass-unit  weights  of  the  elements  to  their  respec- 
tive equivalents,  we  may  calculate  the  electrical  charge  in  coulombs  which 
is  carried  in  electrolysis  by  i  gram-mass-unit  of  each  of  the  elements. 

In  the  following  table  appear  the  electrical  charges  carried  by  gram- 
roass-units  of  some  elements,  calculated  from  the  equivalents,  and  the 
charge  of  a  gram-equivalent,  together  with  the  relation  of  the  gram-mass- 
unit  charges  to  the  respective  valences  of  the  elements : 

Electrical  Charges  and  Valences  of  Mass-untis 


Charge  of 

%  fl       .           .  .-, 

Charge  op 

Charge  op 

EuEMBirr 

Equivalent 

One  Gram- 

Mass-unit 
Weight 

One  Gram- 

Valence 

Mass- UNIT 

Oxygen/16 

equivalent 

mass  UNIT 

H=I 

-r  Valence 

Coulombs 

Oxygcn/16 

Coulombs 

Coulombs 

Alaminium 

18.07 

193000 

27.1 

289320 

III 

96500 

Bismuth 

139.0 

193000 

208.5 

289320 

III 

96500 

Chlorine 

70.90 

193000 

35-45 

96440 

I 

96500 

Copper      < 

63.6 

193000 

63.6 

192880 

II 

96500 

127.2 

193000 

63.6 

96440 

I 

96500 

Hydrogen 

2.015 

193000 

1.0075 

96440 

I 

96500 

Oxygen 

16.00 

193000 

16.00 

192880 

II 

96500 

Silver 

215.86 

193000 

I07-93 

96440 

I 

96500 

Zinc 

654 

193000 

65.4 

192880 

II 

96500 
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From  these  relations  it  appears  that  the  charge  of  i  gram-mass-unit 
in  coulombs  varies  for  different  elements  according  to  the  valence  of 
the  mass-units  of  these  elements,  and  that  the  charge  obtained  by  divid- 
ing the  gram-mass-unit  charge  of  each  element  by  the  valence  of  the 
element  is  in  every  case  96,500  coulombs.  Since  gram-mass-units  of 
different  elements  represent  equal  numbers  of  mass-units,  it  app>ears 
that  the  valence  of  an  element  indicates  a  number  of  definite  electrical 
charges  associated  with  the  mass-unit  of  the  element;  and  the  graphic 
symbol  of  an  element  or  compound  setves,  therefore,  to  indicate  the  num- 
ber of  the  electrical  charges  associated  with  the  individual  mass-units^  or 
with  the  ions  constituting  the  compound. 


CHAPTER  XV 

THEORY 

Thus  far  we  have  been  concerned  with  observed  facts  and 
Indnctions. 

simple  inductions  from  observations.      What  we  have  seen 

of  chemical  change  has  led  us  to  infer  the  existence  of  certain  forms  of 
matter,  simple,  undecomposable  by  the  processes  of  analysis,  and  there- 
fore calledi  the  chemical  elements.  Investigation  of  the  properties  and 
relations  of  some  of  these  elementary  forms  of  matter  and  of  the  com- 
pounds which  they  form  has  resulted  in  generalizations  which  affirm  the 
constancy  of  composition  of  individual  substances,  the  interaction  of  sub- 
stances in  definite  proportions  to  form  a  given  substance,  and  in  multiple 
proportions  of  these  same  definite  proportions  to  form  more  than  one 
substance  consisting  of  the  same  elements  in  varied  amount. 

We  have  found  it  convenient  to  arrange  a  system  of  chemical  equiva- 
lents^ electrical  equivalents,  and  thermal  equivalents  which  express  the 
relative  weights  of  elements  associated  definitely  and  essentially  in 
chemical,  electrical,  and  thermal  phenomena.  Inferring  from  the 
phenomena  that  these  equivalents  stand  for  proportionate  numbers  of 
masses  which  act  as  units  in  chemical  action,  we  have  derived  the  idea 
of  mcLss-units  of  the  elements,  and  the  conception  of  molecules  consisting 
of  one  or  more  elementary  mass-units,  and  constituting  the  active  mass 
in  which  the  properties  of  the  substance,  elementary  or  compound,  reside. 

We  have  thus  been  able  to  construct  a  system  in  which  substances, 
elementary  or  compound,  may  be  arranged  and  discussed  without  the 
assumption  of  any  hypothesis  as  to  the  mechanical  nature  and  constitu- 
tion of  matter.  So  far  as  observations  have  been  accurate,  the  record 
of  facts  will  stand ;  the  correctness  of  our  inferences  may  be  assumed 
so  long  as  they  remain  in  harmony  with  new  ficts  as  they  develop. 

To  account  for  observed  phenomena  it  has  been  found 
^^^      *    advantageous  to  form  a  hypothesis,  or  provisional  theory,  of 
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matter,  which,  although  not  susceptible  of  direct  proof,  nevertheless  is 
in  accord  with  the  truth  so  far  as  it  is  known,  and  serves  as  a  stimulus 
to  investigation  and  as  a  basis  for  the  coordination  of  new  discoveries- 
Conception  The  conception  of  matter  as  made  up  of  indivisible  par- 
ol Matter.  ticles  is  a  hypothesis  which  goes  back  through  the  Romans 
and  Greeks  to  the  philosophers  of  ancient  India ;  but  the  epoch-making 
idea  that  ultimate  particles  of  matter  have  definite  weights,  every  ele- 
mentary substance  consisting  of  particles  of  the  same  kind  and  char- 
acteristic weight,  was  first  advanced  by  John  Dalton  in  1803.  In 
accordance  with  this  idea  the  name  given  by  the  ancient  philosophers 
to  their  indivisible  particles  may  be  applied  to  the  individual  masses 
of  definite  weight  of  which  we  have  had  evidence  in  chemical  action. 

The  mass-units  may  be  called  atoms.  The  theory  of 
matter  which  assumes  the  existence  of  the  mass-units  as 
individual  particles  is  the  atomic  theory.  According  to  this  atomic 
theory^  elements  are  mcuie  up  of  atoms  of  the  same  kind  and  weighty  and 
compounds  are  made  up  of  atoms  of  different  kinds  and  weights.  In.  the 
chemical  sense  the  atom  is,  therefore,  something  that  has  not  been  ditUded 
—  the  smallest  mass  of  a  chemical  element  which  enters  into  any  ktt4noH 
chemical  compound.  With  ideas  of  indivisibility,  indestructibility,  abso- 
lute hardness,  or  with  any  of  the  abstract  conceptions  which  for  the 
philosopher  cluster  about  the  word  atom,  the  chemist  has  nothing  to  do. 
To  him  the  atom  is  simply  the  unit  of  chemical  action  —  tlie  indivuifiol 
mass  of  matter  which  undergoes  no  change  in  ordinary  chemical  reactions. 
Radio-  Certain  simple  relations  which  we  shall  discuss  later  be- 

actiTity.  tween  the  atomic  weights  of  some  elements,  as  well  as  the 
structure  of  their  spectra,  suggest,  however,  that  atoms  may  be  com- 
plex, and  the  phenomena  of  radio-activity  give  rise  to  the  idea  that 
changes  are  possible  in  the  atoms  of  radio-active  substances.  As 
early  as  18 15  Prout  advanced  the  view  that  the  atoms  of  chemical  ele- 
ments other  than  hydrogen  are  complexes  of  hydrogen ;  but  later  and 
better  determination  of  atomic  weights  having  shown  plainly  that  all 
atomic  weights  are  not  simple  whole  multiples  of  the  atomic  weight  of 
hydrogen,  Dumas  suggested  that  the  primordial  atom  of  which  all  other 
atoms  might  be  complexes  might  have  one  half  or  one  fourth  the  mass 
of  the  hydrogen  atom. 

Very  recently  J.  J.  Thomson  has  derived  from  the  consid- 
Electrons  • 

eration  of  the  electrical  relations  of  matter  the  idea  that 
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the  atoms  of  the  elements  afe  built  up  of  simpler  systems  of  primordial 
atoms  and  electrons^  or  corpuscles  of  negative  electricity,  the  character 
of  the  atoms  as  positive  or  negative  being  determined  by  their  ten- 
dency to  lose  or  gain  electrons,  and  the  valence  of  the  atoms  depending 
up>on  the  numbers  of  electrons  which  may  be  lost  or  gained. 

Given  the  conception  of  the  atom,  the  relative  weights  which  repre- 
sent thermal  equivalents  stand  for  equal  numbers  of  atoms,  and  the 
weights  which  represent  chemical  and  electrical  equijalents  stand  either 
for  equal  numbers  of  atoms  or  for  simple  multiples  of  equal  numbers  of 
atoms.  The  law  of  definite  proportions  finds  explanation  in  the  fact 
that  definite  numbers  of  atoms  of  definite  kinds  combine,  and  the  law 
of  multiple  proportions  is  accounted  for  in  the  combination  of  different 
simply  related  numbers  of  atoms  of  the  same  kind  with  definite  numbers 
of  atoms  of  ether  kinds.  The  molecule,  the  smallest  mass  of  matter  in 
which  the  properties  of  a  substance  reside,  is  either  an  atom  or  an  aggre- 
gation of  atoms  which  acts  as  a  unit  so  long  as  the  substance  retains  its 
identity.  The  ion  is  an  atom  or  group  of  atoms  which  moves  from 
compound  to  compound. 

Atomic  Obviously  our  system  of  symbols  adapted  to  indicate  mass- 

Weights,  units  and  the  aggregations  of  mass-units  in  molecules  may 
be  applied  without  change  to  atoms  and  aggregations  of  atoms.  If  we 
make  the  atom  of  oxygen  weigh  i6,  the  numbers  which  represent  the 
atoms  of  other  elements  will  be  expressed  by  their  mass-unit  weights. 
When  Dalton  introduced  the  atomic  theory  into  the  consideration  Of 
chemical*  phenomena,  the  atomic  weight  of  hydrogen,  the  lightest  of 
the  elements,  was  taken  as  i,  and  other  elements  were  given  atomic 
weights  proportionate  to  chosen  equivalents.  If  we  take  the  atomic 
weight  of  hydrogen  as  i  instead  of  1.0075  and  make  it  the  basis  of  a 
system  of  atomic  weights,  determined  by  the  ratios  of  the  mass-unit 
weights,  the  atomic  weight  of  oxygen  will  be  15.88,  the  atomic  weight 
of  nitrogen  13.93,  and  the  atomic  weights  of  other  elements  will  be 
proportionately  varied  from  the  mass-unit  weight  referred  to  oxygen  as 
16.  Such  a  system  of  atomic  weights  as  this  has  the  historical  prece- 
dence and  is  preferred  by  some.  On  the  other  hand,  the  practical 
determination  of  equivalents  is  generally  made  by  direct  reference  to 
oxygen  in  oxygen  compounds  rather  than  to  hydrogen  in  hydrogen 
cotnpounds,  and  for  this  reason  the  atomic  weight  of  oxygen  is  the 
natural  basis  of  atomic  weights,  and  it  is  convenient  to  take  this  as  16 
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rather  than  as  15.88.  For  purposes  of  calculatio-i  either  system  of 
atomic  weights  will  answer  equally  as  well  as  the  other,  and  at  the 
present  time  it  is  customary  to  give  both  systems,  as  shown  in  the 
table: 

Table  of  Atomic  Weights 


0-16 

H«x 

o-it; 

H-i 

Aluminium 

.    Al 

27.1 

26.9 

Neodymium      .    Nd 

143.6 

142.5 

Antimony 

.    Sb 

120.2 

1 19.3 

Neon 

.    Ne 

20. 

19.9 

Argon 

.    Ar 

39.9 

39.6 

Nickel      . 

.    Ni 

58.7 

58.3 

Arsenic     . 

.    As 

75.0 

744 

Nitrogen  . 

.    N 

14.04 

«5.95 

Barium     . 

.    Ba 

137.4 

136.4 

Osmium    . 

.    Os 

191. 

189.6 

Bismuth    • 

.    Bi 

208.5 

206.9 

Oxygen     . 

.    0 

j6,oo 

15.SS 

Boron 

.    B 

II. 

10.9 

Palladium 

.    Pd 

106.5 

105.7 

Bromine   . 

.    Br 

79.96 

79.36 

Phosphorus       .     P 

31.0 

30.77 

Cadmium  . 

.     Cd 

1124 

II  1.6 

Platinum  . 

.    Pt 

19A^ 

'93-3, 

Caesium    . 

.    Cs 

132.9 

131.9 

Potassium 

.    K 

39. 1 5 

38.S6 

Calcium    . 

.    Ca 

40.1 

39.8 

Praseodym 

ium  .     Pr 

140.5 

139-4 

Carbon     . 

.    C 

12.00 

1 1. 91 

Radium    . 

.     Ra 

225. 

223.3 

Cedum 

.    Ce 

140.25 

139.2 

Rhodium  . 

.     Rh 

103.0 

102.2 

Chlorine   . 

.    CI 

35.45 

35.18 

Rubidium 

.     Rb 

85.5 

84.9 

chromium 

.    Cr 

52.1 

5«.7 

Ruthenium        .     Ru 

101.7 

lOOQ 

Cobalt 

.    Co 

59.0 

58.56 

Samarium 

.    Sm 

150.3 

149.2 

Columbium 

.    Cb 

94. 

93.3 

Scandium 

.    So 

44.1 

43.S 

Copper 

.    Cu 

63.6 

63.1 

Selenium  . 

.    Se 

79.2 

7&.6 

Erbium     • 

.    Er 

166. 

164.8 

Silicon 

.    Si 

284 

28.2 

Fluorine   . 

.     F 

19. 

18.9 

Silver 

.    Ag 

107.93 

107.12 

Gadolinium 

.    Gd 

156. 

155. 

Sodium     . 

.    Na 

23.05 

22.8S 

Gallium     . 

.    Ga 

70. 

69.5 

Strontium 

.    Sr 

87.6 

86.04 

Germanium 

.    Ge 

72.5 

71.9 

Sulphur    . 

.  s    • 

32.06 

3'.Sj 

Glucinum 

.    Gl 

9.1 

9.03 

Tantalum . 

.    Ta 

183. 

181.6 

Gold 

Au 

197.2 

195.7 

Tellurium 

.    Te 

127.6 

I26l6 

Helium     . 

.     He 

4. 

4. 

Terbium   . 

.    Tb 

160. 

158.S 

Hydrogen 

.     H 

i.oo8« 

J, 000 

Thallium  . 

.    Tl 

204.1 

202.6 

Indium 

.     In 

115. 

114.1 

Thorium  . 

.    Th 

232.5 

230.S 

Iodine 

.     I 

126.97 

126.01 

Thulium    . 

.    Tm 

171. 

169.7 

Iridium     • 

.     Ir 

1930 

191.5 

Tin  . 

.     Sn 

1 19.0 

118.1 

Iron 

.    Fe 

55.9 

55.5 

Titanium  . 

.    Ti 

48. 1 

47-7 

Krypton   . 

.     Kr 

81.8 

81.2 

Tungsten  . 

.     W 

184. 

1S2.6 

Lanthanum 

.     La 

138.9 

137-9 

Uranium  . 

.     U 

238.5 

236.7 

Lead 

.     Pb 

206.9 

20535 

^'anadium 

.    V 

51.2 

5a8 

Lithium    . 

.     Li 

7.03 

6.98 

Xenon 

.    Xe 

128. 

127. 

Magnesium 

.     Mg 

24.36 

24.18 

Ytterbium 

.    Vb 

173.0 

171.7 

Manganese 

.     Mn 

55-0 

54.6 

Yttrium     . 

.    Vt 

89.0 

88.3 

Mercury    . 

.     Hg 

200.0 

198.5 

Zinc 

.    Zn 

654 

64.9 

Molybdenum 

Mo 

96.0 

95-3 

Zirconium 

.    Zr 

90.6 

89.9 

*  More  accurately  z.0075. 
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IsomeziBm. 


R  lati  of  ^^  ^^  accept  the  idea  of  atoms,  and  of  molecules  composed 
Atoms  in  of  atoms,  the  graphic  symbols  of  molecules  suggest  at  once 
Space.  relations  in  space  of  the  atoms  which  compose  the  molecules. 

In  the  symbol  of  methane,  CH4,  for  example,  there  is  suggested  the  idea 
of  a  central  carbon  atom,  C,  surrounded  by  four  hydrogen  atoms.  If 
these  four  hydrogen  atoms  all  sustain  the  same  relation  to  the  carbon,  as 
seems  to  be  the  case,  we  may  conceive  of  the  hydrogen  atoms  as 
arranged  symmetrically  with  reference  to  the  central  carbon  atom. 
Putting  the  carbon  atom  at  the  center  of  a  sphere,  the  hydrogen  atoms 
fall  very  naturally  in  the  periphery  of  the  sphere  in  such  manner  that 
the  lines  joining  them  form  the  edges  of  a  tetrahedron  inscribed  in  the 
sphere  at  the  center  of  which  is  the  carbon  atom. 

This  idea  of  arrangement  in  space,  the  development  of 
which  to  a  working  hypothesis  we  owe  to  Van't  Hoff,  makes 
it  possible  to  express  graphically  certain  very  interesting  and  peculiar 
relations  of  isomerism.  We  have  already  noted  a  kind  of  isomerism 
which  dejjends  upon  the  mutual  relations  of  the  atoms  of  a  molecule  as 
evidenced  in  chemical  reaction.  There  seems  to  be  also  a  kind  of 
physical  isomerism  of  compounds  which  have  closely  similar  chemical 
relations  to  other  substances,  but  which  differ  markedly  in  their  behavior 
toward  that  modification  of  light  which  we  call  polarized  light,  turning 
the  plane  of  polarization  to  the  right  or  to  the  left. 
Asymmetric  Many  compounds  may  be  formed  by  replacing  the  hydro- 
carbon gen  atoms  of  methane  by  other  univalent  atoms  or  radicals, 
Atonin.  ^y^  gQ  jQj^g  gg  these  four  atoms  or  radicals  are  not  all  different, 
the  structure  of  the  molecule  thus  formed  will  depend  simply  upon  the 
kind  and  number  of  replacements,  and  not  at  all  upon  the  position 
of    the   replacement.     Thus, 

the     symbols    CRiRiRiRi,  "^  ^* 

C  Ri  Ri  Ri  Rj,  C  Rx  Ri  Rj  Rg, 
CRiRiRjRa,  will  each  be 
represented  by  a  simple  tetra- 
hedron, but  for  the  symbol 
CR1R2R3R4  either  of  two 
tetrahedra  will  be  a  possibility 
depending  upon  the  arrangement  of  the  atoms  or  radicals  Ri,  R2,  Ra, 
and  R4.  Such  tetrahedra,  shown  in  the  figures,  are  not  identical  and 
cannot  be  made  to  coincide  by  any  movement  of  either  tetrahedron 


i23  lu 

Fig.  45.  —  Asymmetric  Carbon  Atom. 
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as  a  whole,  but  bear  to  one  another  a  right  and  left  relation,  like  that 
of  the  right  and  the  left  hand.  The  carbon  atom  about  which  the 
four  different  atoms  or  radicals  are  grouped  is  said  to  be  an  asymnutric 
carbon  atom. 

Tartaric  Now,  it  sometimes  happens  that  a  compound  of  carbon 

Acids.  rotates  the  plane  of  polarization  to  the  right,  while  a  cora- 

pound  of  identical  composition  and  action  rotates  it  to  the  left,  and  it 
appears  that  the  molecules  of  all  such  compounds  contain  at  least  one 
asymmetric  carbon  atom,  about  which  are  grouped  four  different  radicals. 
Such  conjpounds  are  physical  isomers  and  may  be  represented  by  right- 
handed  and  by  left-handed  tetrahedra.  In  some  cases  more  than  one 
carbon  atom  within  the  molecule  is  asymmetric,  and  in  such  cases  the 
possibilities  of  physical  isomerism  are  increased.  We  know,  for  example, 
four  isomers  or  kinds  of  tartaric  acid  differing  in  the  action  upon  polarized 
light :  the  dextrorotatory  or  right-handed  tartaric  acid,  which  turns  the 
plane  of  polarization  of  light  to  the  right ;  the  levorotatory  or  left-handed 
tartaric  acid,  which  turns  the  plane  of  polarization  to  the  left ;  the  neutral 
tartaric  acid,  also  known  as  racemic  acid,  which  does  not  affect  the  plane 
of  polarization  of  light,  but  which  may  be  separated  by  appropriate  means 
into  the  dextrorotatory  and  levorotatory  forms ;  and  a  fourth  neutral  form, 
known  as  inactive  tartaric  acid  which,  like,  the  neutral  tartaric  acid,  docs 
not  affect  the  plane  of  polarization  of  light,  but,  unlike  the  neutral  tar- 
taric acid,  is  not  separable  into  the  dextrorotatory  and  the  levorotatory 
forms.  It  is  noteworthy  also  in  the  case  of  the  tartaric  acids  that  the 
arrangement  of  certain  faces  upon  the  crystals  of  the  dextrorotatory  and 
levorotatory  forms  is  right-handed  or  left-handed,  respectively.  This 
Stereo-  relationship  of  compounds   of  identical   composition  and 

isomerism,  action,  which  may  be  expressed  by  the  spatial  relations  of 
the  atoms  in  the  molecules,  is  known  as  the  stereo-isomerism  of  the 
compounds. 

Nucleus  of  ^^  explanation  of  the  constitution  of  compounds  of  mole- 
Com-  cules  with  molecules,  such  as  the  so-called  double  salts,  salts 

pounds.  containing  water  of  crystallization,  or  ammonia  complexes, 

has  been  attempted  by  Werner  in  an  extension  of  the  conception  of  the 
spatial  relations  of  atoms  and  groups  of  atoms  forming  a  complex  with  a 
central  atom.  Upon  the  valence  of  the  central  atom  depends  the  valence 
of  the  complex.  The  central  atom  and  the  associated  atoms  or  groups 
together  constitute  the  nucleus,  the  character  of  which  depends  upon 
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the  coordinated  elements  or  groups.  For  many  such  nuclei  the  limiting 
number  of  atoms  or  groups  associated  with  the  central  atom  is  six ;  for 
others  it  is  four. 

Upon  this  hypothesis  the  compound  K2PtCle,  sometimes  called  a  double 
salt  of  potassium  chloride  and  platinum  tetrachloride,  a  KCl .  PtCl^,  and 
sometimes  considered  to  be  a  potassium  salt  of  chlorplatinic  acid, 

K-C1  =  CK         /CI 

K-C1  =  C1/       \C1 

is  to  be  regarded  as  the  combination  of  two  outlying  atoms  of  potassium 
with  a  nucleus,  PtCl«,  ^d  to  be  represented  spatially  by  placing  the 
platinum  atom  at  the  center  of  an  octahedron,  with  the  chlorine  atoms 
at  the  solid  angles,  which  thus  constitutes  a  nucleus  outside  of  which  the 
potassium  atoms  lie. 

In  the  ordinary  reactions  of  these  compounds,  and  of  compounds 

similarly  put  together,  the  nucleus,  in  this  case  PtClg,  acts  as  one  ion, 

+ 
while  the  outlying  atoms  or  groups,  in  this  case  2  K,  are  ions  of  sign 

unlike  that  of  the  nucleus. 

When  water  molecules  are  the  asso- 
ciated groups  of  the  nucleus,  they 
may  constitute  a  part  of  the  nucleus 
ion.  Thus,  according  to  Werner's 
hypothesis,  hydrous  cobalt  chloride, 
CoClj  .  6  H2O,  is  to  be  written 
Co(H20)e .  Clj,  and  when  this  salt 

enters  into  reaction  in  water  solution, 

+  - 

the   ions  are  Co(H20)fi    and    2  CI. 

Represented  by  diagram,  the  cobalt 
atom  is  at  the  center  of  the  octa- 
hedron, with  a  molecule  of  water  at  each  solid  angle,  while  the  chlorine 
atoms  are  outlying. 

Many  ammonia  compounds,  cyanides,  nitrites,  and  other  compounds, 
may  be  referred  to  the  octahedral  nucleus;  for  certain  other  com- 
pounds a  tetrahedral  nucleus  has  been  suggested. 

The  conception  of  the  molecule  as  an  atom  or  aggregation  of  atoms 
acting  as  a  unit,  and  of  matter  as  made  up  of  such  unit.s,  is  quite  in 
accord  with  what  we  observe  in  certain  physical  phenomena.     It  is 


Fig.  46.  —  Nucleus  Structure  of  Potas- 
sium Chlorplatinate. 
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not  possible  to  regard  matter  as  continuous  and  homo- 
in  Solida,  geneous,  or  jellylike,  for,  if  it  were  so,  we  have  no  reason- 
Liquids,  and   able  explanation  for  phenomena  like  the  dispersion  of  rays 

of  light  by  refracting  media,  some  manifestations  of  contact 
electricity,  the  properties  of  liquid  films,  and  the  behavior  of  gaseous 
substances  when  subjected  to  changing  temperatures  and  pressures. 
But  if  matter  is  not  homogeneous,  or  jellylike,  the  idea  that  the  molecules 
of  matter  are  particles  is  most  plausible. 

Now,  if  we  endow  these  molecules  with  motion,  make  the  rapidity  of 
the  motion  proportional  to  temperature,  that  is,  faster  as  the  body  gets 
hotter  and  slower  as  it  gets  cooler,  several  interefting  conclusions  follow. 
The  rigidity  o{ solid  bodies  now  seems  to  show  that  in  them  the  mole- 
cules do  not  move  far  from  the  positions  in  which  they  may  be  at  any 
instant ;  the  mobility  and  power  of  liquids   to  flow  or  diffuse  would 
indicate  that  the  molecules  are  free  to  move  in  any  direction  without 
necessarily  returning  to  their  original  positions ;  while  the  tendency  of 
gases  to  escape  from  containing  vessels  unless  restrained  on  all  sides 
would  seem  to  show  greater  freedom  of  motion  of  the  molecules.     Accord- 
ing to  the  molecular  theory,  we  find  in  the  degree  of  separation  of  the 
molecules  the  explanation  of  the  enormous  expansion  which  takes  place 
when  a  liquid  becomes  gas,  and  of  the  great   condensation  which   is 
observed  when  a  gas  is  liquefied.     Furthermore,  the  regularity  of  expan- 
sion and  contraction  of  a  gas  under  changing  conditions  of  tempera- 
ture and  pressure  find  similar  explanation.     Liquid  hydrogen  expands 
about  780  times  in  becoming  gaseous  at  o®  and   760  mm.,  gaseous 
hydrogen  under  unchanged  pressure  gains  or  loses  ^4-j  of  its  volume  at 
0°  for  every  degree  of  increase  or  decrease  respectively  of  tempera- 
ture, and  at  a  constant  temperature  its  volume  varies  inversely  as  the 
pressure  put  upon  it,  because  in  these  changes  of  physical  condition 
the  average  distance  of  the  molecules  from  one  another  becomes  greater 
or  less. 

Kinetic  The  relations  of  molecular  motion  to  phenomena  are  best 

Theory  of        studied  in  gaseous  substances,  and  were  first  developed  by 
Gases.  Bernoulli  in  1740,  and  by  Kronig  and  Clausius,  about  1856, 

and  are  expressed  in  the  Kinetic  Theory  of  Gases, 

Thus,  if  we  suppose  the  structure  of  perfect  gases  to  be  such  that, 
(i)  the  gas  is  made  up  of  molecules  moving  with  a  velocity  proportional 
to  the  temperature,  that  (2)  the  number  of  molecules  in  any  mass  of 
gas  that  can  be  handled  experimentally  may  be  regarded  as  inconceiv- 
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ably  large,  while  (3)  the  dimensions  of  the  molecules  are  small  in 
comparison  with  their  average  distance  apart,  and  (4)  the  time  during 
which  any  molecule  is  in  close  proximity  to  any  other  molecule  is  very 
short  when  compared  with  the  time  during  which  it  is  remote  from 
any  other  molecule,  we  may  find  by  the  principles  of  mechanics  an 
expression  for  the  pressure  per  unit  area  of  any  perfect  gas  in  terms 
of  the  weight  of  a  single  molecule,  the  number  of  molecules,  the  average 
velocity  of  the  molecules,  and  the  volume  of  the  gas. 

Let  /  be  the  pressure  of  a  gas,  N  the  number  of  molecules  in  i  cm.^ 
m  the  weight  of  each  molecule  in  grams,  p  the  specific  gravity  to 
water,  and  V  the  average  velocity  of  the  molecules  in  centimeters  in  a 
second,  all  within  a  rectangular  box  having  the  edges  «,  ^,  c.  When  a 
molecule  strikes  a  wall,  for  example,  the  wall  be,  it  will  rebound  with  the 
same  velocity,  in  the  average,  with  which  it  impinged  upon  the  wall,  and 
the  momentum,  or  motion,  of  the  molecule  is  reversed  ;  from  -{-  mV  it 
becomes  —mV,  and  the  total  change  of  motion  is  2  m V. 

Now  the  rate  at  which  the  motion  is  changed  is  the  measure  of  the 

force  exerted  by  the  wall,  and  therefore  measures  the  average 

force  exerted  by  the  wall  upon  a  molecule  when  /  represents  the  dura- 
tion of  the  action  in  seconds.  The  number  of  impacts  in  a  second  upon 
the  wall  is  assumed  to  be  infinitely  great,  and  the  total  force  exerted  by 
the  wall  will  be  constant  and  equal  to  the  product  of  the  number  of  impacts 

1  mV 
into ,  the  force  exerted  upon  a  molecule  during  a  single  impact. 

It  is  fair  to  assume,  provisionally,  for  the  purpose  of  the  demonstra- 
tion, that  all  the  molecules  are  moving  with  the  average  velocity,  and 
that  by  the  resolution  of  motion  \  of  all  the  molecules  may  be  regarded 
as  moving  in  lines  parallel  to  one  of  the  edges  j,  b,  c.  Now  let  us  see 
how  many  molecules  strike  the  side  be  in  a  given  time.  Consider  the 
case  of  a  molecule  just  leaving  be  in  the  direction  of  the  edge  a.  This 
molecule  will  have  to  traverse  a  in  both  directions  before  it  strikes  be, 
and  then  will  have  to  again   traverse  a  in  both  directions   before  it 

V 
makes  a  second  impact  on  be.    That  is,  —  will  show  the  number  of 

^  ^  Vt 

times  the  molecule  will  strike  be  in  a  second,  and  —  will  give  the 

2  a 
number  of  impacts  in  the  time  /.     Now,  the  whole  number  of  molecules 
in  the  box  is  Nabe,  and  \  of  them,  or  \  Nabc,  are  in  motion  so  that 
they  strike  the  side  be.     So  the  expression, 

\Nabey.  —  ^\NbeVt 
2  a 

gives  the  number  of  impacts  on  be  in  the  time  /.  The  whole  constant 
force  exerted  by  the  wall,  the  product  of  the  number  of  impacts  by 
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the  force  exerted  by  the  wall  upon  each  molecule,  will  be  given  by  the 


expression,  ,. 

^  2  mV 


which  also  gives  the  total  pressure  upon  the  wall,  since  this  is  equal  to 
the  force  exerted  by  the  wall. 

The  total  pressure  upon  the  wall  divided  by  the  number  of  square 
centimeters  of  area  on  the  wall  will  give  the  pressure  upon  i  cna.*  of 
surface,  which  is  what  we  mean  ordinarily  when  we  speak  of  the  pressure 
of  a  gas.    So  we  have 

^  be  ^ 

and  since  the  specific  gravity  of  the  gas  to  water  is  equal  to  the  product 
of  the  number  of  molecules  in  i  cm.^  by  the  weight  of  each  molecule 

it  follows  that  p=z^pV*. 

For  any  other  pressure,  p\  the  temperature  being  constant  and  the 
velocity  of  the  molecules  the  same  (a  condition  obtained,  for  example, 
by  allowing  the  gas  to  expand  into  a  vacuum  when,  as  experiment  shows, 
there  is  no  change  of  temperature),  we  have,  when  p'  is  the  new  specific 

whence,  if  v  and  v'  represent  the  volumes  of  the  same  weight  of  gas 
under  the  pressures  /  and  /', 

=  p:  p*  =sv^  :v. 

Boyf*9  That  is,  the  volume  of  a  gas  varies  inversely  with  the  pres- 

Lauf.  sure  put  upon  it,  the  temperature  remaining,  constant,  as 

stated  in  the  Laia  of  Boyle, 

For  two  conditions  of  a  constant  volume,  v,  of  gas  corresponding  to 
two  pressures,  /,  /',  and  two  temperatures,  /,  /',  we  have 

/  =  ^  mNV^ 

whence,  since  N  is  constant,  the  number  of  molecules  being  unchanged. 

But,  as  Maxwell  has  shown,  two  temperatures,  T^  T\  measured  on  the 
absolute  scale,  are  proportionate  to  the  kinetic  energy  of  the  molecules, 

°^'  T'.r^\mV^'.\mV'* 

so  that  /  :/  =  r :  r* 


THEORY 


225 


If^  now,  we  take  the  gas  at  the  Volume  v,  and  the  pressure  /',  and  abso- 
lute temperature  T\  and  allow  it  to  expand  into  a  vacuous  space  to  the 
volume  v'  until  /'  takes  the  value  p  while  T*  remains  constant,  the  new 
volume  F'  may  be  found  by  the  Law  of  Boyle.    Thus^ 


\Vhence 


Law. 


That  is,  under  constant  pressure,  the  volume  of  a  gas  varies 
directly  as  its  absolute  temperature,  as  stated  in  the  Law  of 
Charles. 

Furthermore,  for  equal  volumes  of  two  gases  under  the  same  pressure, 
/,  we  have  the  expression, 

If,  now,  the  temperature  be  the  same,  the  kinetic  energy  of  the  mole- 
cules of  the  two  masses  will  be  the  same,  and 

Whence,  N—  N\ 

Aooga^ro'M       That  is,  equal  volumes  of  gases  under  the  same  conditions 
Law.  of  temperature  and  pressure  contain  the  same  number  of 

molecules,  as  staled  in  the  Law  0/  Avogadro. 

So  it  appears  that  the  laws  of  Boyle,  Charles,  and  Avogadro  follow 
direcUyfrom  the  postulates  of  the  kinetic  theory  of  gases. 
Velocity  of  Incidentally,  we  may  note  that  it  is  also  possible,  by 
Molecules.  means  of  the  equation  given  above,  defining  the  pressure  of 
a  gas  in  terms  of  the  molecular  weight,  velocity,  and  number  of  mole- 
cules, to  deduce  approximately  the  molecular  velocity  when  the  pressure 
is  known,  and  when  the  product  of  the  molecular  weight  into  the 
number  of  molecules,  or  the  density,  is  also  known ;  but  Maxwell  has 
pointed  out  that  the  assumption  that  all  the  molecules  have  the  same 
velocity  introduces  an  error  of  about  -^^  of  the  whole  value.  Making 
this  correction,  the  results  of  such  calculations  appear  as  shown  in  the 
table : 


Average  Velocities  of  Gas  Molecules 


Cbntimbtbrs  in 

A  Second 

Hydrogen      .     .     . 

169800 

Hydrogen  oxide 

56600 

Nitrogen  .     .     .     < 

•         45300 

Oxygen     .     .     . 

42500 

Carbon  dioxide  . 

36100 

Chlorine    ....  28600 

Bromine    ....  19000 

Mercury    ....  16900 

Iodine 15 100 


We  may  note,  also,  as  a  matter  of  curiosity,  that  for  finding  out  the 
numbers  of  molecules  in  a  mass  of  gas,  as  well  as  the  sizes  and  weights 


Cbntimbtbrs  in 
A  Second 
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of  the  molecules  of  different  gaseous  substances,  many  ingenious  methods 
have  been  derived  by  Lord  Kelvin,  J.  J.  Thomson,  Nernst,  and  others. 
The  number  of  molecules  in  i  cm.*  of  any  perfect  gas  at  o°and  760  mm. 
has  been  estimated  to  be  approximately  21,000,000,000,000,000,000. 
The  sizes  of  the  molecules  of  different  individual  substances  appear, 
though  not  exactly  equal,  to  be  of  the  same  order  of  magnitude,  those 
of  carbon  dioxide  and  hydrogen  being  found  to  be  0.000,000,018  cm. 
and  0.000,000,014  cm.  in  diameter,  respectively.  .  It  has  been  estimated 
that  a  molecule  of  hydrogen  weighs  0.000,000,000,000,000,000,000,004,27 
grm.,  an  amount  which  may  be  ten  times  too  large  or  ten  times  too  sroalL 

Dissociation  ^^  ^"^  study  of  the  osmotic  pressure  exerted  by  substances 
of  Molecules  in  solution,  and  the  lowering  of  the  freezing  point  and  rise 
In  Solution.  ^^  ^^^  boiling  point  of  a  solvent  under  the  action  of  a  solute, 
we  noted  that  j'usf  as  some  gaseous  molecules  appear  to  dissociate  into 
simple  aggregations  of  mass-units  or  atoms  at  high  temperatures,  so  also 
the  molecules  of  electrolytes  appear  to  dissociate  in  solution  to  form  a 
larger  number  of  active  units. 

Specific  Similar  relations  have  been  observed  in  regard  to  other 

Gravity.  phenomena  of  solution.  This,  in  1874,  Valson,  pointing  out 
that  the  specific  gravity  of  the  solution  of  certain  salts,  electrolytes,  is 
made  up  of  two  values  or  "  moduli,"  the  one  depending  upon  the 
nature  of  the  positive  ion  and  the  other  upon  the  nature  of  the  negative 
ion  of  the  salt,  drew  the  conclusion  that  the  molecules  of  the  salts  with 
which  he  experimented  were  resolved  into  parts  in  solution. 

Ostwald*s  study  of  the  change  of  volume  produced  upon 
neutralizing  by  bases  gram -equivalents  of  acids  in  a  kilogram 
of  water  is  suggestive  of  a  similar  conclusion.  Ostwald  worked  with 
nineteen  acids  and  the  three  bases,  sodium  hydroxide,  potassium  hydrox- 
ide, and  ammonium  hydroxide,  and  found  that  the  difference  between 
the  changes  of  volume  consequent  upon  the  neutralization  of  different 
bases  by  a  given  acid  appears  to  be  nearly  independent  of  the  nature 
of  the  acid  ;  and,  similarly,  that  the  difference  between  the  changes  in 
volume  accompanying  the  neutralization  of  different  acids  by  a  given 
base  is  nearly  independent  of  the  nature  of  the  base.  These  phenomena 
also  suggest  that  the  molecules  of  the  salts  act  as  if  resolved  into  parts 
in  solution. 

Heatof  Neu-  The  heat  changes  involved  in  the  neutralization  of  bases 
tralization.  and  acids  are  very  noteworthy  phenomena  of  similar  char- 
acter.    When,  for  example,  gram-equivalent  weights  of  certain  different 
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acids  are  neutralized  in  dilute  solution  by  a  given  base,  the  heat  of 
neutralization  is  nearly  *  constant  for  a  considerable  series  of  typical 
acids,  and  similarly  the  heat  of  neutralization  of  a  given  acid  is  nearly 
constant  for  a  considerable  series  of  bases.  These  facts  are  set  forth  in 
the  following  table : 

Heat  of  Neutralization  in  Dilute  Solution 


Base 

Acid 

Thermal  Change 

Gnn.-equiv. 

Grm.-equiv. 

(Common  Calories) 

NaOH 

HCl 

13700 

NaOH 

HBr 

13700 

NaOH 

HNO3 

13700* 

NaOH 

HI 

13800 

Acid 

Basb 

Thermal  Change 

Grm.-equiv. 

Grm.-equiv. 

(Common  Calories) 

HCl 

LiOH 

13700 

HCl 

KOH 

13700 

HCl 

i  Ba(OH), 

13800 

HCl 

i  Ca(OH)s 

13900 

Hess's  law  of  the  thermoneutrality  of  salt  solutions,  to  the  effect  that 
sufficiently  dilute  solutions  of  salts  mix  without  thermal  change,  also  sug- 
gests the  idea  that  at  sufficient  dilution  the  molecules  of  salts  are  resolved 
into  parts  which  remain  independent  when  the  solutions  are  mixed. 
Ions  and  In  our  study  of  the  phenomena  of  the  mutual  neutraliza- 

Atoms.  tion  of  acids  and  bases  with  the  formation  of  salts,  we  were 

led  to  see  that  in  such  reactions  certain  parts  of  compounds  move  from 
one  combination  to  another  combination,  and  that  such  parts  prove  to 
be  the  same  parts  which  move  under  the  influence  of  the  electric  current 
and  which  were  called  wns  by  Faraday.  We  learned  to  recognize  the 
individuality  of  the  ions  and  their  functions  in  determining  the  course 
of  a  reaction.  When  we  arrived  at  the  conception  of  mass-units  of  the 
elements,  and  molecules  of  elements  and  compounds  made  up  of  mass- 
units,  it  became  plain  that  the  properties  of  the  compound  reside  in  the 
molecule  and  that  the  ion  is  represented  by  a  miss-unit  or  aggregation  of 
mass-units  acting  as  an  individual.  If  we  adopt  the  atomic  theory,  the 
molecule  in  which  the  properties  of  the  compound  reside  is  made  up 
of  atoms,  and  the  ions  are  single  atoms  or  individual  aggregations 
of  atoms. 
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Klectrolvtic  ^^^  phenomena  of  salt  solutions  which  we  have  been  dis- 
DiBsociation  cussing — the  excessive  osmotic  pressure  and  depressions  of 
or  Ionization.  ^^^  freezing  point  and  elevations  of  the  boiling  point,  Val- 
son's  variations  of  specific  gravity,  Ostwald's  changes  of  volume  by  neu- 
tralization of  base  and  acid,  the  heats  of  neutralization  of  base  and  acid, 
the  thermoneutrality  of  dilute  salt  solutions — point  strongly  to  the  espe- 
cial activity  of  the  ions  of  electrolytes  in  solution.  It  was  to  account 
for  the  phenomena  noted  by  Van't  Hoff  in  regard  to  osmotic  pressure, 
the  lowering  of  the  freezing  point  and  the  rise  of  the  boiling  point  of 
solutions,  that  Arrhenius,  in  1887,  advanced  the  hypothesis  that  the  mole- 
cules of  ark  electrolyte  tend  to  dissociate  in  solution  into  free,  electrically 
charged  parts^  which  are  the  ions  of  chemical  action. 

The  hypothesis  that  the  molecules  of  an  electrolyte  in  a  solution 
through  which  an  electric  current  is  passing  are  dissociated  into  smaller 
parts  or  ions  carrying  the  current  has  long  been  accepted,  as  we  have 
seen,  in  explanation  of  the  phenomena  of  the  electrolytic  cell.  It  has 
been  assumed  that  the  ions  move  through  a  solution,  the  positively 
charged  ion  toward  the  negative  pole  and  the  negatively  charged  ion 
toward  the  positive  pole,  both  positive  and  negative  ions  being  capable 
of  independent  existence  so  long  as  they  hold  their  charges,  but  recom- 
bining  or  entering  into  other  reactions  with  the  materials  of  the  poles,  or 
solvents,  or  other  solute,  upon  surrendering  their  charges  at  the  poles. 
Thus,  as  we  have  seen,  in  the  electrolysis  of  hydrogen  chloride  we  have : 

2HC1  =  2H4-2C1  =  H,  +  Clj 

The  atoms  of  hydrogen  and  of  chlorine  are  here  the  ions,  charged  with 
electricity  and  serving  to  carry  their  charges  to  the  respective  poles 
before  they  combine  to  form  hydrogen  molecules  and  chlorine  molecules, 
respectively.  This  idea  of  the  dissociation  of  molecules  into  ions  dur- 
ing the  electrolytic  process  was  proposed  by  Faraday,  and  Clausius  in 
1856  showed  that  some  slight  ionization  of  the  molecules  of  an  elec- 
trolyte, due,  perhaps,  to  molecular  collisions,  must,  according  to  the 
theory  of  thermodynamics,  precede  the  passage  of  the  current. 

The  hypothesis  of  Arrhenius  postulates  that  by  the  act  of  solution 
the  molecules  of  electrolytes  are  ionized  very  largely,  and  at  extreme 
dilution  completely ;  that  the  conductivity  of  the  solution  is  proportional 
to  the  degree  in  which  the  solute  is  ionized ;  and  that  in  the  process  of 
electrolysis  the  electric  current  simply  assembles  at  opposite  poles  the 
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electrically  charged  ions  already  present.     For  example,  according  to 

the    theory  of  Arrhenius,  when  hydrogen  chloride  is   dissolved   in  a 

sufficient  amount  of  water,  the  molecule  HCl  is  dissociated   by  the 

+ 
action  of  water  into  the  oppositely  charged  ions  H  and  CI,  distributed 

through  the  solvent,  ^ 

HCl^H  +  Cl 

and  this  is  the  reason  why,  in  working  experimentally  with  dilute  solu- 
tions of  hydrogen  chloride,  the  values  found  for  the  osmotic  pressure, 
the  depression  of  freezing  point,  the  decrease  in  vapor  tension  and  con- 
sequent increase  in  boiling  point,  are  all  greater  than  would  be  expected 
if  we  were  dealing  with  whole  molecules  HCl  as  units  of  action. 

tricMi  ^^  general,  thfe  dissociation  of  molecules  of  solutes  into 

Conduce  ions,   as   indicated    especially  by   the    effects  on    osmotic 

R«i?*«'*  pressure,  freezing  points,  and  boiling  points,  increases  with 
the  dilution  until  a  maximum  effect  is  reached ;  and  it  is 
noteworthy,  also,  that  the  electrical  conductivity  of  the  solution  likewise 
increases  with  the  degree  of  dissociation  of  the  dissolved  electrolyte, 
and  reaches  a  maximum  when  the  dilution  attains  a  certain  value. 

^     ^ „  Chemical  reaction  in  solution  takes  on  a  new  aspect  in 

tioB  «f  Adds  the  light  of  the  theory  of  electrolytic  dissociation.  Let  us 
and  Bases,      consider,  for  example,  the  mutual  neutralization  of  a  base 

and  an  acid.    Sodium  hydroxide  breaks  down  in  dilute  solution  according 

+ 
to  the  theory  into  the  p>ositively  charged  sodium-ion,  Na,  and  the  nega- 
tively charged  hydroxy  1-ion,  OH,  while  hydrogen  chloride  is  decomposed 

+  .      .         ; 

into  the  positive  hydrogen-ion,  H,  and  the  negative  chlorine-ion,  CI. 

Water  itself  is  dissociated  so  little  that  we  may  regard  it  as  practically 

undissociated.     The  reaction  of  sodium  hydroxide  in  dilute  solution 

upon  hydrogen  chloride  will  then  be  expressed: 

N a -f- OH -f  H -f  Ci  =  Na -f- CI -h  Hjj O 

+      -     +     - 
which  means  that,  starting  with  the  free  ions  Na,  OH,  H,  CI,  the  action 

+  - 

results  in  the  union  of  H  and  OH  to  form  the  un-ionized  molecule,  H.jO. 

Similarly,  we  might  write  the  equation  for  the  neutralization  of  potassium 

hydroxide  by  nitric  acid  thus  : 

K-f  OH  +  H  +  NOs=K  f  NOa  +  HgO 
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In  terms  of  the  theory  of  electrolytic  dissociation,  therefore,  the 
mutual  neutralization  of  bases  and  acids  in  sufficiently  dilute  solution 
consists  essentially  in  the  union  of  the  fosititfe  hydrogen-ions  with  tht 
negatiz^e  hydroxyl-ions^  the  ions  of  the  metal  and  of  the  non-metal  group 
remaining  dissociated  in  the  solution  until  the  removal  of  the  solvent 
permits  them  to  combine  to  form  a  salt. 

Now,  if  this  is  the  real  state  of  the  case,  the  actual  chemical  change 
being  the  same  no  matter  what  bases  or  acids  are  present,  the  energ)' 
manifested  in  the  neutralization  of  completely  dissociated  bases  and 
acids  should  be  the  same.  The  fact  is,  as  we  have  seen,  that  the  heats 
of  neutralization  of  certain  bases  and  certain  acids  prove  to  be  the  same 
wliatever  be  the  individuality  of  the  base  or.  acid,  and  this  phenomenon 
finds  explanation  in  the  hypothesis  that  the  mutual  neutralization  of  a 
base  and  an  acid  in  a  sufficiently  dilute  solution  is,  in  every  cc^e^  simph 
the  formation  of  un-ionized  molecules  of  water. 

Looking  back  to  our  experiments  upon  the  conditions  of  chemical 
action,  we  recall  that  when,  in  the  establishment  of  equilibrium  between 
substances  in  solution,  a  product  insoluble  and  inactive  or  volatile  is 
formed,  or  when  water  is  a  product,  the  formation  of  such  insoluble  or 
volatile  product  or  the  formation  of  inactive  water  goes  on  until  one  or 
other  of  the  factors  involved  in  the  change  is  exhausted.  Volatility 
will,  of  course,  remove  a  product  from  the  sphere  of  action,  and  the 
completion  of  a  reaction  in  which  a  product  is  volatile  is  to  be  expected. 
But  why  should  the  formation  of  an  insoluble  product  or  the  production 
of  water  be  the  determining  cause  of  a  complete  reaction  ?  The  theon* 
of  electrolytic  dissociation  proposes  an  explanation  in  the  hypothesis 
that  the  ions  alone  are  concerned  in  chemical  changes  in  solution,  and 
when  by  combination  of  free  ions  an  un-ionized  molecule  may  be  formed, 
whether  it  be  soluble  or  insoluble,  such  reaction  will  proceed  until  at 
least  one  kind  of  ion  is  exhausted, 

Thermo-  Another  point  which  should  be  touched  upon  in  connec- 

neatrality.  ^jon  with  the  theory  of  electrolytic  dissociation  has  been 
referred  to  previously  as  Hess*s  Law  of  thermoneutrality.  Why  is  it  that, 
when  very  dilute  solutions  of  neutral  salts  are  mixed,  no  heat  manifesta- 
tions are  observed  ?  The  answer,  according  to  the  theory,  is  that 
neutral  salts  are  dissociated  in  dilute  solution  into  free  ions,  whi^h 
remain  free  so  long  as  the  solution  is  dilute  enough  to  ionize  any  pos- 

sible  combination  of  them.    Thus,  KCl  becomes  K  and  CI,  and  NaNC); 
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+  -  +       -  +  - 

becomes  Na  and  NOa,  in  dilute  solution.     Wheq  K  +  CI  and  Na  +  NOs 

+       -        + 
are  intermixed  to  form  K  -h  CI  -h  Na  -f-  NOj,  there  should  be  no  thermal 

change,  since  the  conditions  of  solution  are  such  that  every  salt,  KCl, 

KNO3,  NaCl,  NaNOs,  which  under  the  conditions  might  be  formed  from 

these  ions  would  be  dissociated  into  ions  under  the  conditions  of  the 

experiment 

Color  So  it  appears  that  many  phenomena  find  explanation  in 

Changes.        the  hypothesis  of  Arrhenius  that  the  ions  of  electrolytes 

exist  in  free  condition  in  solutions  sufficiently  dilute.    The  changes  of 

color  on  the  part  of  indicators  in  the  neutralization  of  acids  and  bases, 

w  ^a    X  ^^^  of  concentrated  solutions  of  salts  upon  diluting,  have  been 

Indicators* 

taken  as  evidences  of  ionization  on  the  part  of  the  indicator 

or  of  the  dissolved  salt,  but  the  most  recent  work  appears  to  show  that 
such  an  assumption  is  at  least  unnecessary. 

The  precipitation  of  salts  from  solution  by  the  addition 
tion  of  Salts:  ^^  *  substance  the  molecules  of  which  would  by  ionization 
Solubility  give  ions  identical  with  one  of  the  ions  of  the  precipitated 
salt  has  been  explained  by  the  assumption  that  when  the 
free  ions  which  by  association  might  constitute  a  precipitate  reach  a 
certain  concentration  which  is  known  as  the  solubility  product^  pre- 
cipitation takes  place.  But  the  recognized  union  of  molecules  and 
solvent,  and  consequent  diminishing  of  the  mass  of  solvent  available  for 
dissolving  substances,  must  frequently  be  taken  into  consideration  also. 

Certain  common  phenomena^  however,  are  difficultly  recon- 
CombiAstiOB  y.  f,   f 

of  Hydrogen    cilable  with  the  hypothesis  of  the  formation  of  free  ions  by 

"*  ^  the  simple  act  of  solution.    The  fact  that  though  hydrogen 

and  chlorine  combine  with  much  evolution  of  heat,  the 
product  of  such  combination,  hydrogen  chloride,  dissolves  in  inuch 
water  with  evolution  of  more  heat,  is  not  what  we  should  expect  if  the 
act  of  solution  involves  only  the  breaking  of  hydrogen  chloride,  even 
beyond  the  molecular  condition  of  hydrogen  and  chlorine,  to  hydrogen- 
ions  and  chlorine-ions. 

Solationof  ^  ^^^  ^^  ^^^^  ^^^*  sodium  chloride  dissolves  in  much 

Sodium  water  with  absorption  of  less  than  2  per  cent,  of  the  heat  of 

Chloride.  formation  of  sodium  chloride  from  the  elements  sodium 
and  chlorine  makes  it  difficult  to  believe  that  the  process  of  solution 
involves  simply  the  ionization  of  sodium  chloride  into  sodium^ons  and 
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chlorine-ions.  The  phenonnena  point  rather  to  some  action  of  the 
water  upon  hydrogen  chloride,  sodium  chloride,  or  the  ions  of  these 
salts,  or,  in  general,  to  some  interaction  between  solvent  and  solute. 

J.  J.  Thomson  and  Nernst  have  independently  proposed 
Capacity  ^^  explain  the  phenomena  of  ionization  by  assuming  that 
and  the  solvent  acts  by  reason  of  high  specific  inductive  capac- 

AttractionB  ^^^  upon  molecules  held  together  by  electrical  attractions  of 
the  ions,  the  mutual  attractions  of  ions  being  diminished  by 
the  attractions  between  ions  and  induced  charges  in  the  solvent.  Sach 
a  mode  of  ionization  implies,  as  Fitzgerald  has  suggested,  that  the  elec- 
trolyte enters  into  chemical  reaction  with  the  solvent,  and  that  the 
assumed  freedom  of  the  ion  is  in  reality  an  ever  changing  bondage  to 
the  solvent. 

Hydroivtic  Reychler  maintains  that  all  the  phenomena  of  solution 
Decompoai-  are  better  explained  upon  the  hypothesis  of  hydroivtic 
**^°*  decomposition  with  change  of  electrical  charge  upon  mole- 

cules, the  production  of  a  charged  molecule  of  water  making  of  it  an 
active  unit  in  the  phenomena  of  osmotic  and  electrical  action.  Such 
a  hypothesis  is  quite  in  harmony  with  the  thermal  phenomena  of  neu- 
tralization and  with  the  law  of  thermoneutrality,  while  for  electrolytic 
phenomena  a  modified  form  of  the  formerly  accepted  hypothesis  of 
Grotthus  is  applicable,  according  to  which  the  system  consists  of  an 
electrolyte  and  solvent  in  continuously  adjustable  equilibrium. 

Whatever  may  be  the  special  view  which  we  take  of  the 
Diflferent  ^  .      .       .  ,  ...  , 

Views  of        nature  of  lontzatton^  we  may  use  that  term  to  mdicate  the 

toniaation.      formation  of  active  units  from  a  single  molecule,  and  we 

may  name  the  ion  after  an  element  or  group  of  elements  separated 

from  the  molecule,  whether  we  regard  it  as  free,  or  combined  with  the 

solvent,  or  even  as  a  product  of  hydrolytic  action  of  the  solvent.     For 

example,  we  may  speak  of  the  H-ion  or  the  HO-ion,  whether  we  foDow 

+ 
the  view  of  Arrhenius  that  the  H  and  HO  are  free  and  independent 

individual  units,  or  adopt  the  hypothesis  of  Nernst  and  Thomson  of  a 

mobile  union  with  the  solvent,  or  the  suggestion  by  Reychler  of  hydrolytic 

decomposition,  according  to  which  the  H-ion  is  really  HOH  and  the 

HO-ion  is  HOH.  It  is  obvious  that  in  the  interaction  of  ions,  however 
Coneentra-  interpreted,  we  must  take  into  consideration  the  effects  of 
t&Qo  Action,     concentration  action^  as  in  dealing  with  any  other  individual 
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masses  of  matter.  The  phenomena  which  we  have  to  consider  when 
we  are  dealing  with  the  relations  of  substances  in  solution,  even  when 
such  solutions  are  very  dilute,  may  be  very  complex.  In  certain  cases 
we  are  compelled  to  recognize  the  presence  of  undissociated  molecules, 
polymerized  molecules,  combinations  of  molecules  with  the  solvent,  and 
products  of  reaction  between  solvent  and  solute,  as  well  as  of  ions  com- 
.  .  bined  or  uncombined  with  solvent.     The  avidity,  or  chemi- 

cal affinity^  of  an  acid  or  base  is  the  measure  of  the  facility 
with  which  it  enters  into  reactions.  According  to  any  form  of  the 
ionization  theory,  facility  of  reaction  should  be  related  to  freedom  and 
mobility  of  the  ions;  and  the  degree  of  ionization  in  solutions  of  given 
concentration,  as  determined  by  molecular  conductivity,  is  now  gener- 
ally taken  as  the  simplest  method  of  determining  approximately  the 
chemical  affinities  of  acids  and  bases. 
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PART   11  — DESCRIPTIVE 

CHAPTER  I 

CLASBIFICAtlON  AND  NOMEKCLATtJRS 

In  our  previous  study  we  have  seen  that  many  of  the  elements  may 
be  identified  either  as  metals y  conductors  of  heat  and  electricity,  which 
act  as  positive  ions  in  electrolysis,  or  as  non-metals ^  which  are  negative 
ions  in  electrolysis.  We  have  observed  further  that  the  metals  may  be 
arranged  in  a  series  in  which  the  order  of  placing  corresponds  with  the 
electrical  potentials  of  the  metals  in  solutions  of  their  compounds ;  and 
that  the  potentials  of  the  metals  thus  determined  are  proportionate  to 
the  powers  which  they  possess  for  replacing  one  another  from  their 
compounds.  It  has  also  appeared  that  the  metals  as  a  rule  exhibit 
basic  properties  and  that  the  non-metals  are  for  the  most  part  acid- 
forming  elements.  When  we  study  further  the  properties  of  the  ele- 
ments, other  evidences  of  orderly  relation  come  to  light,  and  it  becomes 
evident  that  the  elements  divide  themselves  naturally  according  to  physical 
Seri  «f  properties  and  chemical  behavior  into  groups  of  allied  ele- 
Allied  ments  arranged  in  series.    Thus,  lithium,  sodium,  potassium. 

Elements.  rubidium,  and  caesium  constitute  a  group  of  metals  which 
form  strongly  basic  hydroxides  and  are  closely  allied  in  general  proper- 
ties and  chemical  behavior,  while  phosphorus,  arsenic,  and  antimony 
make  another  group  of  non-metals  which  form  acidic  hydroxides  and 
are  closely  similar  in  many  relations. 

Triads  of  As  early  as  1817  Dobereiner  noticed  what  appeared  to 

DSbcieiner.  him  to  be  the  natural  grouping  of  analogous  elements  into 
threes  or  "triads,"  and  pointed  out  a  certain  numerical  tegularity  in 
the  atomic  weights  of  the  elements  which  constitute  the  triads,  the 
atomic  weight  of  the  central  element  of  the  triad  proving  to  be  nearly 
the  mean  of  the  atomic  weights  of  two  extreme  elements.    Thus,  for 
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example,  lithium,  sodium,  and  potassium  constitute  one  triad,  as  shown 
by  the  figures  expressing  the  atomic  weights  of  these  elements, 

Lithium      =    7.°3)  7.03 +39.15 
Sodium      =  2^.o«:  >  — -    '  ^^    J  =  23.09 


Potassium 


=    703) 
=  23.05  V 

=  3915) 


while  chlorine,  bromine,  and  iodine  show  similar  relations  in  their 
atomic  weights, 

Chlorines    35-45  )  35.45  +  ,26.97     ^ 

Bromine  =    79.96  y  ^^-^ ^  =  81. 21 

Iodine     =  126.97)  ^ 

From  this  suggestion,  by  the  gradual  contributions  of  many  thinkers, 
came  the  orderly  arrangement  of  the  elements  with  which  the  name  of 
MendeUeff^  the  distinguished  Russian  chemist,  is  associated,  and  which 
is  known  as  the  Periodic  System, 

Mendei^if'8  ^"  Mendel^eff's  system,  based  upon  the  numerical 
System  of  sequence  of  the  atomic  weights  of  the  elements  rather 
Eiemenu.  ^^^jj  upon  exact  numerical  relations  and  differences,  the 
element  hydrogen,  gaseous  at  ordinary  temperatures,  the  lightest  of  all 
the  elements,  possessing  the  lowest  atomic  weight,  1.0075,  ^^^  ^  valence 
taken  always  as  I,  naturally  stands  first. 

The  element  of  next  atomic  weight,  7.03,  is  lithium,  possessing  a 
valence  of  I,  and  this  element  is  placed  beneath  hydrogen,  and  is  the 
first  member  of  a  series  showing  a  gradation  of  valence,  and  containing 
besides  lithium,  glucinum,  with  an  atomic  weight  of  9.1,  and  with  a 
valence  of  II ;  boron,  with  an  atomic  weight  of  1 1,  and  a  valence  of 
III;  carbon,  with  an  atomic  weight  of  12,  and  a  prevailing  valence 
of  IV ;  nitrogen  with  an  atomic  weight  of  14.04  and  a  valence  of  III 
or  V;  oxygen  with  an  atomic  weight  of  16,  and  an  accepted  valence 
of  II ;  and  fluorine,  with  an  atomic  weight  of  19  and  a  prevailing 
valence  of  I.  Throughout  the  series  of  elements  from  lithium  to 
fluorine  we  note  a  gradation  of  properties  from  the  electro-positive, 
metallic,  base-forming  lithium  to  the  electro-negative,  acid-forming 
non-metallic  fluorine. 

The  next  element  in  Mendel^efTs  system,  in  the  order  of  atomic 
weights,  is  sodium,  electro-positive,  metallic,  and  base-forming,  of 
atomic  weight  23.05  ;  and  though  the  change  in  atomic  weight  is  but 
slight  in  passing  from  fluorine  to  sodium,  the  element  sodium  is  veiy 
different  from  fluorine  in  its  properties  and  relations,  while  it  is  closely 
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analogous  to  lithium.  For  this  reason  sodium  is  placed  in  the  system 
upon  the  line  beneath  lithium,  and  at  the  beginning  of  a  new  series, 
containing  magnesium,  electro-positive  and  basic  like  sodium ;  alumin- 
ium, less  basic  than  magnesium ;  silicon,  which  forms  a  weakly  acidic 
hydroxide ;  phosphorus,  which  is  distinctly  acid-forming ;  sulphur,  still 
more  acidic  in  its  compounds ;  and  chlorine^  which  resembles  fluorine 
as  an  acidic  element. 

Each  of  these  two  series  of  elements,  from  lithium  to  fluorine,  and 
fi-om  sodium  to  chlorine,  consists  of  seven  elements,  in  which  we  note  a 
gradual  transition  of  properties.  In  these  series  the  characteristic 
valences  of  the  elements  follow  the  order  I,  II,  III,  IV,  III,  II,  I,  for 
their  compounds  with  hydrogen  and  the  halogen  elements,  fluorine, 
chlorine,  bromine,  and  iodine,  and  for  compounds  with  oxygen  they 
follow  the  order  I,  II,  III,  IV,  V,  VI,  VII.  The  prevailing  valence 
relations  of  the  elements  are  expressed  by  the  typical  symbols,  RH, 
RH2,  etc.,  and  R^O,  RO,  etc.,  which  show,  respectively,  the  prevailing 
valences  of  the  elements  in  the  same  vertical  columns  or  groups  as 
regards  hydrogen  or  the  halogens  and  as  regards  oxygen.  On  com- 
paring the  two  horizontal  series,  it  appears  that  the  elements  in  the 
same  vertical  column  are  closely  analogous  in  many  physical  properties 
and  in  chemical  behavior,  and  that  the  kinds  of  compounds  which  they 
form  are  generally  similar. 

The  remainder  of  the  table  shows  similar  relationships  of  elements, 
excepting  that  it  becomes  necessary  to  recognize  a  double  periodicity, 
and  to  add  an  •eighth  group  to  contain  three  small  series,  each  of  which 
consists  of  three  closely  allied  elements.  Thus,  in  the  series  beginning 
with  potassium  there  is  no  immediate  repetition  of  the  properties  of  the 
group  when  manganese  is  passed,  but  the  elements  iron,  cobalt,  and 
nickel  intervene ;  a  new  series  beginning  with  copper  and  ending  with 
bromine,  is  completed  before  rubidium,  an  element  possessed  of  proper- 
ties closely  analogous  to  those  of  potassium,  is  reached.  It  is  to  be 
noted  that  resemblances  now  develop  between  the  group  members  of 
alternate  series.  Thus,  potassium  and  rubidium  are  more  clearly  related 
chemically  than  potassium  and  copper. 

The  Periodic  It  is  plain  that  the  Mendel^eff"  system  shows  a  periodic 

Law.  recurrence  of  elements   possessing   similar   properties.     In 

the  words  of  Mendel^eff,  the  properties  of  the  elements  are  periodic  Junc- 
tions of  their  atomic  weights^ 
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Prediction  of  In  order,  however,  to  make  similar  elements  fall  in  the 
Elements.  groups  in  which  they  naturally  belong,  when  the  elements 
are  arranged  according  to  the  scheme  indicated,  it  is  frequently  neces- 
sary to  leave  blanks  in  the  table,  especially  as  the  atomic  weights  in- 
crease. In  the  first  announcement  of  the  periodic  law  a  blank  was 
found  in  the  series  between  calcium,  40.1,  and  titanium,  48.1,  and  Mende- 
l^eff  predicted  that  for  that  blank  an  element  would  be  found  to  which 
he  gave  the  temporary  name  "  eka-boron."  Similarly,  two  blanks  ex- 
isted in  the  series  between  zinc,  65.4,  and  arsenic,  75.0.  In  these  places 
were  put  the  hypothetical  elements  "  eka-aluminium  "  and  "  eka-silicon." 
To  all  these  hypothetical  elements  Mendel^eff  assigned  properties  which 
he  had  determined  by  observing  the  properties  of  the  adjacent  known 
elements  in  the  group  and  in  the  series.  These  three  elements  whose 
discovery  was  thus  predicted  have  been  found  —  scandium,  by  Nilson, 
gallium,  by  Lecoq  de  Boisbaudran,  and  germanium  by  Winkler;  and 
their  properties  have  been  found  to  correspond  closely  to  Mendel^efT's 
predictions. 

Inert  Gases  ^^  ^^^  ^^™^  when  the  periodic  system  was  put  forward 
of  the  the  atmospheric  elements,  helium,  neon,  argon,  krypton,  and 

Atmosphere,  ^enon  were  not  known.  Distinguished  by  their  inertness 
and  inability  so  far  as  we  are  aware  to  form  chemical  compounds,  there 
seemed  at  first  to  be  no  place  within  the  periodic  system  for  these 
elements ;  but  it  has  been  pointed  out  that  they  may  not  unnaturally 
occupy  the  positions  of  transition  elements  between  the  highly  negative 
elements,  fluorine,  chlorine,  bromine,  and  iodine,  on  the  one  hand,  and 
lithium,  sodium,  potassium,  rubidium,  and  caesium  on  the  other  hand, 
where,  with  the  exception  of  argon,  whose  atomic  weight  appears  to  be 
rated  too  high,  their  atomic  weights  would  naturally  place  them. 
Anomalies  ^°  ^P^*^  ^^  *  record  of  great  usefulness  in  classifying  the 

in  the  elements   and  in  stimulating  much  research,  the  periodic 

System.  system  of  Mendel6eff  presents  many  anomalies.  It  is  note- 
worthy, in  the  first  place,  that  argon  and  tellurium  fall  in  groups  to 
which  they  manifestly  do  not  belong,  if  we  place  these  elements  exactly 
according  to  their  atomic  weights ;  but  there  are  reasons  for  believing 
that  the  trouble  with  them  lies  in  the  difficulty  of  preparing  pure  mate- 
rials for  the  atomic  weight  determinations.  On  the  other  hand,  close 
relationships  are  suggested  by  the  system  which  do  not  in  fact  exist,  and 
some  relationships  which  do  exist  are  concealed  in  the  system.     Thus, 
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in  Group  I  we  find  copper,  silver,  and  gold  classed  in  the  second  division, 
with  the  quite  dissimilar  alkali  elements,  lithium,  potassium,  rubidium, 
and  caesium,  making  up  the  first  division ;  while  sodium,  which  belongs 
with  the  other  alkali  elements,  is  set  aside  in  the  second  division  of  the 
group.  Similarly,  magnesium  is  classed  more  closely  with  zinc,  cad- 
mium, and  mercury  than  with  calcium,  strontium,  and  barium,  with  which 
it  is  allied ;  carbon  is  classed  with  titanium  rather  than  with  silicon, 
which  it  more  closely  resembles ;  nitrogen  is  classified  with  vanadium 
rather  than  with  phosphorus ;  manganese,  a  metal,  is  put  in  the  same 
group  with  the  strongly  negative  elements,  fluorine,  chlorine,  bromine, 
iodine,  with  which  it  has  no  kinship.  The  elements  between  praseo- 
dymium, 140.5,  and  ytterbium,  173.0  show  no  clear  analogies  to  the 
elements  of  the  groups  in  which  they  would  fall,  if  included  in  the  table, 
and  the  reason  is  not  apparent  why  iron,  cobalt,  and  nickel  should  be 
counted  as  of  one  group,  and  head  a  group  of  triplet  elements.  For  these 
and  similar  reasons  chemists  have  not  rested  content  with  Mendel^eflTs 
scheme  of  the  elements,  and  n^any  modifications  have  been  proposed. 

The  Prl-  For  the  purposes  of  our  work  we  bring  forward  t}u  fol- 

"?^'  ®*^.  lowing  arrangement  of  the  elements  as  suggesting  the  actually 
TtTtiaiy  existing  relationships  in  the  simplest  manner  with  the  fewest 
Series.  anomalies  ^  while  following  the  arrangement  of  the  MendeUeff 

system  so  far  as  possible ^  for  the  sake  of  avoiding  confusion  with  the 
already  familiar  scheme.  In  this  arrangement  of  the  Periodic  System, 
shown  in  the  accompanying  model  and  plan,  hydrogen  stands  apart 
at  the  beginning  of  a  helix  and  is  followed  by  the  elements.  He,  Li, 
Glj  By  C,  Nf  O,  F,  in  the  order  of  their  atomic  weights,  these  elements 
constituting  the  first  period  of  the  primary  series.  The  second  period  of 
the  primary  series  is  made  up  of  the  elements  Ne,  Na,  Mg,  Al,  Si,  F,  5, 
CI,  arranged  in  sequence  upon  the  second  turn  of  the  helix.  The  ele- 
ments j4r,  Ky  Ca,  Sc,  Ti,  follow  in  the  third  period  of  the  primary  series 

■ 

upon  the  third  turn  of  the  helix,  but  at  this  point  the  period  is  broken 
and  the  sequence  diverges  to  the  secondary  series  represented  in  the 
model  by  the  second  helix. 

The  elements  F,  Cr,  Mn,  Fe,  Ni,  Co,  Cu,  Zn,  Ga,  Ge  occupy  the 
first  turn  of  the  second  helix,  and  constituting  a  period  by  themselves, 
the  first  period  of  the  secondary  series ;  while  the  next  elements  in  se- 
quence. As,  Se,  Br,  take  up  their  places  on  the  first  helix  to  complete 
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the  Ikird period  of  the  primary  series.  Krypton  begins  the  sequence  Kr^ 
Rby  Sr,  Ytj  Zr,  of  iht  fourth  period  of  the  primary  series ,  which  is  broken 

after  zirconium  to  permit  the  interpolation  of  the  second  period  of  ike 

, , 

secondary  series ^  Cb,  Mo,  — ,  Ru,  Rh,  Pdy  Ag,  Cd,  In,  Sn,  in  proper  relation 
to  the  elements  of  the  first  period  of  the  secondary  series  firom  F  to  Gf, 

Then  the  broken  fourth  period  of  the  primary  series  is  continued  upon 
the  first  helix  with  Sb,  To,  /.  Xenon  begins  the  Jifth  period  of  ^pri- 
mary series,  containing  Xe,  Cs,  Ba,  La,  Ce,  to  the  point  where  the 
series  is  broken,  to  introduce  the  elements  from  praseodymium  to  ytter- 
bium, constituting  two  incomplete  periods  of  the  tertiary  series,  which, 
closely  related  among  themselves,  have  no  close  relationship  with  other 
elements,  and  constitute  a  natural  series  apart. 

The  sequence  then  continues  upon  the  second  helix  with  the  elements 

of  the  third  period  of  the  secondary  series,  Ta,  W,  — ,  Os,  Ir,  Ft,  Au,  /^, 
77,  Pb,  placed  in  natural  relation  to  the  elements  of  the  second  period 
Cb  to  Sn ;  and  then  the  broken  fifth  period  of  the  primary  series  is 
taken  up  with  Bi,  — ,  — ,  — ,  — ,  Ra,  — ,  T7i,  and  the  system  ends  with 
£/*  falling,  where  it  belongs,  in  the  secondary  series  in  close  relation  to  IV, 

This  arrangement  makes  it  possible  to  consider  by  themselves  in  a 
natural  way  the  elements  of  the  primary  series,  which,  as  will  appear, 
constitute  by  themselves  a  complete  system  in  which  the  individual 
groups  comprise  elements  of  closely  similar  properties,  while  the  transi- 
tions of  properties,  as  the  sequence  moves  from  group  to  group,  is  strik- 
ing and  characteristic.  Taking  up  the  study  of  the  secondary  series,  it 
will  be  found  that  the  properties  of  the  elements  of  this  series  reflect  in 
a  general  way  the  properties  of  elements  similarly  placed  in  the  primary 
series,  but  lateral  relationships,  as  distinguished  from  group  relation- 
ships, became  more  marked,  and  in  the  tertiary  series  group  distinc- 
tions are  largely  lost.  For  the  sake  of  uniformity  with  the  Mendel^ff 
scheme,  Group  VIII  has  been  preserved  as  a  single  group  of  related 
triplets.  It  will  be  noted  that  these  elements  occupy  in  the  secondary 
series  the  position  of  transition  elements  between  Group  I  of  positive 
elements  and  Group  VII  of  negative  elements,  just  as  in  the  primary 
series  the  inert  elements  of  Group  O  occupy  a  similar  position. 

The  connection  between  the  regularities  of  the  system  of  the  ele- 
ments and  actual  numerical  values  of  the  atomic  weights  has  been  the 
subject  of  much  study  and  speculation  ;  but  at  the  present  time,  though 
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some  very  interesting  and  suggestive  approximative  relations  have  been 
pointed  out,  it  is  manifest  that  some  factor  essential  to  the  clear  com- 
prehension of  the  principle  underlying  the  periodic  system  is  lacking. 
Taken  simply  as  a  natural  classification,  the  periodic  S3rstem  will  serve 
us  excellently  as  a  basis  upon  which  to  rest  the  descriptive  study  of 
elements  and  compounds. 

J-        ^^  In  our  previous  work  we  have  made  use  of  the  chemical 

tare.  names  of  substances  without  explanation.     Before  taking  up 

the  descriptive  study  of  elements  and  compounds,  it  will  be 
well  to  note  briefly  the  system  upon  which  these  substances  are  named. 
H     es  of  ^'^^  elements  are  named  arbitrarily.    The  names  of  some 

Elements.  elements  have  been  suggested  by  their  more  characteristic 
physical  properties.  Thus,  we  have  chlorine^  derived  from 
a  Greek  word  which  means  "  green "  ;  bromine^  derived  from  a  Greek 
word  which  means  "  a  stench " ;  iodine^  derived  from  a  Greek  word 
which  means  "a  violet  color." 

The  names  of  some  elements  suggest  important  chemical  reactions 
in  which  the  elements  may  take  part ;  as,  for  example,  hydrogen^  com- 
pounded of  Greek  words  which  mean  "water-producing";  oxygen, 
compounded  of  Greek  words  which  mean  "  acid-producing  "  ;  nitrogen, 
compounded  of  Greek  words  which  mean  "  niter- producing." 

In  some  cases  elements  have  been  named  from  the  country  in  which 
they  were  discovered,  or  in  which  they  are  found ;  as,  columbium, 
Columbia ;  gallium,  Gallia ;  germanium,  Germania ;  scandium,  Scan- 
dinavia ;   magnesium.  Magnesia. 

The  names  assigned  to  the  elements  more  recently  discovered  have 
the  termination  urn ;  as,  ccesium,  from  a^  Greek  word  meaning  "  sky- 
blue";  lithium,  from  a  Greek  word  meaning  "a  stone";  potassium, 
from  "  potash  "  ;  sodium,  from  "soda"  ;  aluminium,  from  a  Latin  word 
meaning  "  alum." 

Radicals  are  known  by  special  names,  which  generally  end  in  the  syl- 
lable yl.    Thus  we  have  : 

— P=0  phosphoryl 

/H 
-C— H    methyl 
\H 


H-O- 

hydroxyl 

=c=o 

carbonyl 

=S=0 

thionyl 

TT  carboxyl 

-< 

sulphuryl 

-C=N 

cyanogen 
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Many  compounds  are  named  arbiirariiy.  Thus  we  have, 
ConMuiidt.  ^^*'  methane ;  CjH^,  ethane;  CgHg,  propane  ;  CeH^,  i^nztne. 
'  The  names  of  compounds  are  usually^  however^  deru'cd 
from  the  names  of  the  elements  and  radicals  which  constitute  them. 
Compounds  of  two  elements  or  two  radicals,  or  of  one  element  and  one 
radical^  are  called  binary  compounds.  For  a  binary  compound  a  name 
is  made  by  taking  the  name  of  one  component,  usually  the  more  posi- 
tive,  and  coupling  with  it  the  name  of  the  second  component  with  its 
final  syllable,  or  sometimes  more  than  one  syllable,  changed  to  idt. 
Thus,  we  have  HCl,  hydrogen  chloride;  (CH3)C1,  methyl  ch/oride; 
HjO,  hydrogen  oxide;  (CjH5)jO,  ethyl  oxide ;*  CaO,  calcium  oxide; 
(C,H4)0,  ethylene  oxide;  Na(OH),  sodium  hydroxide;  (CjHiXOH), 
ethyl  hydroxide ;  Ca(OH)j,  calcium  hydroxide;  (C8H4)(OH)2,  eihyUiu 
hydroxide. 

Compounds  containing  different  proportions  of  the  same 
***  elements  or  radicals  are  distinguished  by  indicating  numeri- 

cally the  degrees  of  combination  by  means  of  suitable  prefixes  affixed  to 
the  second  member  of  the  name.  Thus,  we  have  Nj,0,  nitrtfgen  fnon- 
oxide ;  NO,  nitrogen  dioxide ;  NgOs,  nitrogen  trioxide ;  N2O4,  or  NOj, 
nitrogen  tetroxide  ;  NjO^,  nitrogen  pentoxide. 

Sometimes  the  syllable  sub  is  used  to  indicate  a  relatively  small 
amount  of  one  of  the  constituents  in  a  compound,  and  the  syllable  frr 
to  indicate  a  relatively  large  amount  of  a  constituent.  Thus,  Pb/>,  i^ad 
suboxide  ;  PbO,  lead  oxide ;  Pb02,  lead  peroxide. 

Degree  of  presence  in  a  compound  may  be  indicated  by  making  the 
termination  of  the  first  member  of  a  name  ous^  to  indicate  a  small 
amount  of  the  corresponding  constituent,  and  by  suffixing  the  syllable 
ie  to  indicate  a  high  amount  of  that  constituent.  For  example  :  CujO, 
cuprous  oxide;  CujCl2,  cuprous  chloride;  CuO,  cupHc  oxide;  CuClg, 
cupric  chloride. 

Oxides  from  which  hydroxides  having  the  properties  of  acids  are 
formed  are  sometimes  termed  anhydrides,  taking  their  distinguishing 
names  from  the  acids  which  they  form  with  water  and  of  which  they  are 
the  anhydrides,  i.e.  derived  by  removal  of  water.  For  example :  SO*, 
sulphurous  anhydride  ;  SOa,  sulphuric  anhydride. 

Compounds  formed  by  substituting  an  element  or  radical  in  a  given 
molecule  by  some  other  element  or  radical  are  often  named  by  com- 
bining the  names  of  the  substituting  elements  or  radicals  with  those  of 
the  original  substances.  We  have  CH4,  methane ;  CH5CI,  menochlor- 
methane;  CH5CI2,  dichlorme thane ;  CHCI3,  trie hlorme thane ;  CCI4, 
tetrachlormetha  ne, 

H  dr  xid  Hydroxides,  compounds  which   contain    the  radical   hy- 

droxy!, —  O  — H,  generally  take  their  name  from  the  oxide 
from  which  they  may  be  considered  to  be  derived.  For  example,  we 
have  the  bases  :  KOH,  potassium  hydroxide ;  Ca(OH)2,  calcium  hydrcx- 
ide ;  Y^{OW)^  ferric  hydroxide. 
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Several  acidic  hydroxides  of  the  same  characteristic  element  may 
be  distinguished  by  special  names  to  denote  the  degree  of  valence  of 
the  element.  As  in  the  case  of  the  oxides,  the  terminations  ous  and  ic 
are  used  to  indicate  the  lower  and  higher  valences  respectively ;  and 
sometimes  the  prefixes  hypo  and  per  are  used*  as  well.  For  example  : 
H  —  O — CI,     hypochlorous     acid;      H  —  O  —  CI  =  O,     chlorous     acid; 

H  — O— Cl^^v,  chloric  acid;  H— O— C1==0,  perchloric  acid. 

Some  oxyhydroxideSy  derived  from  two  or  more  molecules  of  normal 
hydroxides,  bear  names  indicating  the  number  of  molecules  from  which 
they  are  derived.  Thus  we  have  disulphuric  acid,  HgSaO;,  derived 
from  two  molecules  of  normal  sulphuric  acid,  H2SO4,  and  tetracupric 
hydroxidCy  Cu403(OH)2,  derived  from  four  molecules  of  normal  cupric 
hydroxide,  Cu(OH)j.  Such  compounds,  however,  sometimes  bear 
special  names,  such  as  metaphosphoric  acid,  HPO3,  and  pyrophosphoric 
acid^  H4P2O7,  derived  from  normal  phosphoric  acid,  H3PO4. 

The  name  of  a  neutral  salt  is  made  from  the  name  of  the 
characteristic  element  of  the  base  to  which  the  salt  is  related, 
coupled  with  a  name  derived  from  the  name  of  the  acid  from  which  the 
salt  is  derived.  When  the  name  of  the  acid  ends  in  ic,  the  second 
part  of  the  name  of  the  derived  salt  ends  in  ate ;  when  the  name  of  the 
acid  ends  in  ous,  the  second  part  of  the  name  of  the  salt  ends  in 
ite.  We  have:  H  — O— CI,  hypochlorous  acid;  K— O  — CI,  potas- 
sium   hypochlorite  ;    H  —  O — CI  =  O,    chlorous   acid  ;    K — O — CI  =  O, 

potassium    chlorite;     H  — O— CIx^q,    chloric  acid;    K— O— CIx^q, 

potassium  chlorate  ;  H  — O— C1  =  0,  perchloric  acid ;  K— O— C1  =  0, 
potassium  perchlorate,  ^O  ^O 

Acidic  salts  and  basic  salts  have  names  similar  to  those  of  neutral 
salts,  except  that  the  individual  hydrogen-ions  or  the  hydroxyl-ions  left 
in  the  molecule  are  indicated.  We  have:  KHSO4,  potassium  hydrogen 
sulphate;  KH2PO4,  potassium  dihydrogen  phosphate;  K2HPO4,  dipo- 
tassium  hydrogen  phosphate;  Bi6H(N08)2,  bismuth  monohydroxy- 
nitrate;  Bi(OH)2N08,  bismuth  dihydroxynitrate. 

Oxysalts  are  named  from  the  oxyacids  to  which  they  are  related. 
Thus  we  have  sodium  disulphate,  ^^S*20^,  corresponding  to  disulphuric 
acid,  HjSxOr. 

With  this  preliminary  explanation,  other  relations  of  nomenclature 
will  be  readily  understood  as  the  occasion  requires. 


CHAPTER   II 

PRIMARY  SERIES— HYDROGEir 

Hydrogen,  H,  1.008  ^ 

With  hydrogen,  the  lightest  of  all  the  elements  and  possessed  of  the 
lowest  atomic  weight,  we  begin  our  systematic  study  of  the  elements  and 
their  compounds. 

Hydrogen,  observed  by  Paracelsus  in  the  sixteenth  cen- 
tury, and  recognized  in  1766  by  Cavendish,  who  called  ii 
"  inflammable  air,"  occurs  in  free  condition  in  our  world  only  in  small 
amount.  It  is  found  in  traces  in  our  atmosphere,  and  more  abundantly 
in  some  volcanic  vapors,  in  oil  wells,  and  among  the  products  of  putre- 
faction of  organic  matters.  It  is  a  colorless,  odorless,  tasteless  gas.  It 
is  the  lightest  known  substance,  a  cubic  centimeter  of  it  weighin; 
0.0000899  grm.,  less  than  ^^  as  much  as  the  weight  of  an  equal 
volume  of  air.  It  is  sometimes  taken  as  a  convenient  standard  of 
specific  gravity  for  gases.  The  weight  of  an  atom  of  hydrogen  taken 
as  I  is  sometimes  used  as  a  standard  of  atomic  weights,  but  it  is  more 
convenient  to  arrange  atomic  weights  with  reference  to  the  atomic 
weight  of  oxygen  taken  as  16,  when  the  atomic  weight  of  hydrogen  is 
1.0075.  The  specific  gravity  and  molecular  weight  of  hydrogen  in  terms 
of  oxygen/32  is  2.0T5. 

Preparation  Hydrogen  may  be  obtained  in  quantity  by  decomposing  h 
of  Hydrogen,  appropriate  means  water  or  other  suitable  compounds  oj 
hydrogen, 

DecomDosi-  Hydrogen  may  be  prepared  from  water  by  the  dissociating 
tion  of  action   of  heat.     When   molten   platinum    is   poured  into 

Water  by  water,  bubbles  of  gas  arise  which  consist  of  hydrogen  and 
Heat. 

oxygen.     The   great   heat  of  the  molten   platinum   raises 

the  temperature  of  the  immediately  adjacent  water  to  a  point  at  which 

^  More  accurately  1.0075. 
14 
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it  is  dissociated,  while  the  cooling  effect  of  the  mass  of  water  upon  the 
mixed  gases  is  such  as  to  prevent  their  combination,  which  takes  place 
only  at  or  above  a  certain  temperature  of  ignition. 

.      SiSiS  =  H-H  +  0=0 

The  experiment  may  be  arranged  in  such  manner  that  the  uncombined 
gases  produced  by  dissociation  of  the  water  may  be  partially  separated  by 
reason  of  their  different  capacities  for  passing  through  a  porous  earthen- 
ware wall,  the  lighter  hydrogen  passing  through  the  wall  more  rapidly 
than  the  heavier  oxygen.  Thus,  when  water  vapor  is  passed  through 
a  porous  clay  tube  surrounded  by  a  jacket  of  non-porous  porcelain,  and 
the  tube  an»l  jacket  are  heated  to  white  heat  in  a  furnace,  a  temperature 
may  be  attained  sufficient  to  partially  dissociate  the  water  vapor.  The 
lighter  hydrogen  passes  more  easily  through  the  porous  tube  into  the 
outer  jacket,  from  which  the  gas  largely  hydrogen  may  be  collected  by 
a  delivery  tube,  while  the  gas  largely  oxygen  may  be  similarly  col- 
lected directly  from  the  inner  tube. 

Action  of  Some  of  the  more  electro-positive  elements  decompose  water 

Elements  and  liberate  hydrogen  spontaneously  at  ordinary  temperature. 
upon  Water,  yq^  j^^y^  ^j^jy  ^^  throw  a  small  bit  of  potassium  on  a  sur- 
face of  water  to  have  a  violent  effervescence  of  hydrogen  accompanied 
by  the  liberation  of  sufficient  heat  to  set  on  fire  the  hydrogen  evolved 
in  contact  with  the  floating  potassium.  When  much  water  is  present, 
pK)tassium  hydroxide,  KOH,  is  formed,  which  remains  dissolved  in  the 
excess  of  water,  and  may  be  recovered  by  evaporation  of  the  water  by 

heating.  H-O-H    ,    K  _  K-O-H  _^  „     „ 

H-O-H  "^  K  -  K-O-H  "^  ^*~^ 

When  little  water  is  present  and  the  temperature  is  high  enough,  or 
when  the  potassium  hydroxide  formed  in  the  presence  of  an  abundance 
of  water  is  heated  with  more  potassium,  potassium  oxide,  KjO,  and 
hydrogen  are  the  products. 


H 


-0-H  -f  J^  =  ^)>0  +  H-H 

Sodium  acts  similarly  upon  water,  producing  sodium  oxide  when 
the  water  is  deficient  and  the  temperature  high, 

H-0-H  +  j;^  =  {Jj>0+H-H 
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or  sodium  hydroxide,  NaOH,  in  presence  of  a  sufficient  amount  of 

water.  H-O-H  ,   Na  _  Na-O-H   ,   „     „ 

H-O-H  "^  Na  *~  Na-O-H  "^  """^ 

In  these  reactions  less  heat  is  evolved  than  in  the  corresponding  reaction 
of  potassium  under  similar  conditions,  so  that  the  hydrogen  evolved 
about  the  floating  sodium  does  not  ordinarily  inflame  as  it  meets  the  air 
unless  the  sodium  be  held  still  in  one  place  so  that  the  heat  of  the 
reaction  may  not  be  dissipated  rapidly.  The  hydrogen  evolved  in  the 
action  may  be  easily  collected  by  simply  slipping  the  sodium,  pressed 
into  a  section  of  glass  tubing,  beneath  the  end  of  an  inverted  test-tube 
filled  with  and  standing  in  water. 

Other  elements  act  like  potassium  and  sodium  upon  water,  but  the 
temperature  necessary  to  start  and  sustain  the  action  is  higher,  A  quan- 
tity of  powdered  magnesium  contained  in  a  test-tube  of  cold  water 
shows  no  evidence  of  decomposing  the  water.  When  we  heat  the  water 
to  boilingi  however,  an  effervescence  of  hydrogen  begins.  Magnesium, 
less  electro-positive  than  potassium,  must  be  heated  before  it  sets  up 
the  decomposition  of  water. 

Iron  may  also  be  employed  to  liberate  hydrogen  from  water.  For 
this  purpose  bits  of  scrap- iron  or  nails  are  placed  in  a  strong  iron  tube, 
and  gradually  heated  to  redness  in  a  furnace,  a  current  of  steam  being 
slowly  driven  through  the  tube.  The  temperature  of  this  reaction  is 
above  that  at  which  iron  hydroxide  is  decomposed.  It  is  the  oxide  of 
the  element  which  is  formed  in  this  case.  The  residue  is  the  "  black- 
smith's scale,"  or  **  magnetic  oxide  of  iron." 

Fe8-f4H,0:=Fe804  4-4H, 

Carbon,  though  electro-negative  and  very  unlike  p>otassiuni  and 
other  metals,  will  nevertheless  decompose  water,  taking  the  oxygen  from 
it.  When  carbon  in  the  form  of  coal  or  coke  is  heated  to  incandescence 
in  the  presence  of  steam,  a  mixture  is  produced  which  consists  principally 
of  hydrogen,  and  carbon  monoxide  or  carbon  dioxide  according  to  the 
temperature  and  conditions. 

H-O^H  -f  C  =  C=0  +  H-H 

H-O-H    ,    p  _  p/0   ,    H-H 
H-O-H  -^  ^  -  ^\o  -^-  H-H 
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The  mixture  of  hydrogen  and  carbon  monoxide,  purified, 
if  necessary,  from  carbon  dioxide,  is  the  so-called  "  water 
gas,"  used  commonly  for  heating  purposes  and  as  a  constituent  of  an 
illunainating  gas. 

ActionofEle-  Hydrogen  may  be  liberated  from  certain  hydroxides  by 
mesta  upon  the  action  of  certain  elements  which  become  oxidized.  Thus, 
Hydiozides.  \^\>^  zinc  and  carbon  are  oxidized  when  heated  with 
calcium    hydroxide,  Ca(0H)2,  hydrogen  being  evolved. 


jj  4-  Zn  =  Zn=0  4-  Ca=0  +  H-H 


2Ca<^~^  4-  C  =  Ca<^^^=0  +  Ca=0  -f-  2H~H 

Slectnlysifl  Hydrogen  may  be  liberated  from  certain  acidic  hydroxides 
at  and  from  other  acids  by  the  action  of  the  electric  current. 

Hydroxide.,    ^yj^^^^  ^  ^^^j^^  ^^^^^  solution  of  sulphuric  acid,  HjSO^, 

is  submitted  to  the  action  of  a  suitable  electric  current,  the  positively 
charged  hydrogen-ions  are  gathered  at  the  negative  pole,  where  they 
yield  their  charges  and  pass  into  the  form  of  hydrogen  gas ;  while  the 
HSO4  ions,  or  the  SO4  ions,  pass  to  the  positive  pole  and  there,  giving 
up  their  charges,  break  up,  and  form  free  oxygen  and  sulphur  trioxide 
which  combines  with  water  to  form  again  sulphuric  acid. 

(a)  H^,  =  H  +  HSO,  _^  ^^,. 


or. 


(3)  4 H  +  4 HSO4  +  2 HjO  =  a H,  +  4Hj^04  +  O, 
(«)  H^,  =  2  H  +  804  _^  ^^ 


->.. 


(^)  4  H  -h  2  SO4  4-  2  H2O  =  2  H,  4-  2  HjSO^  4-  O, 

In  like  manner  hydrochloric    acid  is  decomposed  by  the  electric 
current  into  hydrogen  and  chlorine. 

{a)  HCl  =.  H  4-  CI 

-  pole      +pole 

{b)  2  H  4-  2  Ci  =1h74- Cf 

Hydrogen  may  be  liberated  in  the  electrolysis  of  certain  basic  hydrox- 
ides^ by  the  action   upon  water  of  the  metal  set  free  by  the  electric 
current.      When  a  dilute  water  solution  of  potassium   hydroxide 
is  submitted  to  the  action  of  a  suitable  electric  current,  electrolysis 
c 
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takes  place  with  the  evolution  of  hydrogen  and  oxygen.  The  first 
action  of  the  current  is  to  gather  the  ions  at  the  poles,  the  positive 
potassium -ion  at  the  negative  pole  and  the  negative  hydroxyl-ion  at 
the  positive  pole.  Upon  giving  up  their  positive  electrical  charges  the 
potassium-ions  react  with  the  water  to  form  potassium  hydroxide  and 
liberate  hydrogen,  while  the  hydroxyl-ions,  upon  yielding  up  their 
negative  charges,  form  oxygen  and  water. 


(i)  KOH  =  K  +  OH 

—  —pole  +poIe 


(2)  4  K  4-  4  OH  4-  4  HjO  =  4  KOH  -f  2  H,  -f-  2  H,0  4-  O, 

Action  of  '^^  action  of  certain  elements  upon  acids  results  in  Bu 

Elements  formation  of  salts  in  which  the  elements  employed  are  positive 
npon  Acids,  {^^s^  while  hydrogen  is  liberated.  The  action  of  zinc  upon 
sulphuric  acid  in  dilute  water  solution  is  an  example  of  this,  the 
zinc  replacing  the  hydrogen  in  the  acid  and  forming  zinc  sulphate, 
ZnSOi,  which  remains  in  solution. 

This  reaction  furnishes  a  convenient  method  for  the  preparation  of 
hydrogen  for  laboratory  purposes.  The  zinc  is  best  employed  in  gran- 
ulated form.  If  the  acid  solution  is  not  sufficiently  dilute,  the  action 
may  be  retarded  by  the  deposition  of  solid  zinc  sulphate  upon  the  zinc 
Iron  acts  similarly  but  less  rapidly  upon  dilute  sulphuric  acid, 
with  formation  of  iron  sulphate,  FeS04,  in  solution,  though  for  commercial 
purposes  this  reaction  is  preferred  to  that  of  zinc  and  sulphuric  acid. 

Zinc  acts  similarly  upon  hydrochloric  acid,  HCl,  with  evolu- 
tion of  hydrogen  and  formation  of  zinc  chloride,  ZnClj,  in  solution. 

2  ^-Cl  +  Zn  =  ^«<(q  4-  H-H 

Iron  acts  upon  hydrochloric  acid  similarly  to  liberate  hydrogen 
and  form  iron  chloride,  FeClj,  in  solution. 


2  H-C\  +  Fe  =  ^^^1  4-  H-H 


PRIMARY   SERIES  — HYDROGEN  I9 

In  like  manner  we  find  that  magnesium  and  tin  and  some  other 
metals  will  liberate  hydrogen,  not  only  from  appropriately  chosen  acids 
like  sulphuric  acid  and  hydrochloric  acid,  but  also  from  acetic  acid, 
H(C2H302),  and  other  acids  similar  to  acetic  acid.  In  general,  hydro- 
gen is  usually  evolved  when  a  metal  acts  upon  an  acid  in  dilute  solution. 
It  should  be  noticed,  however,  that  hydrogen  is  not  usually  evolved  by 
the  action  of  a  metal  upon  nitric  acid,  or  upon  other  acids  capable,  as 
is  nitric  acid,  of  oxidizing  the  hydrogen  as  it  is  liberated. 

In  certain  cases  the  hydrogen  of  a  basic  hydroxide  may  he 
^Lctio&  OT 
Elements        replaced  by  a  suitable  element  with  the  formation  of  a  salt  in 

upon  Basic      which  the  replacing  element  enters  the  negative  ion,     Potas- 

^         ^*'    sium  hydroxide,  KOH,  when  boiled  with  zinc,  is  slowly 

acted  upon,  and  potassium  zincate,  K^ZnOs,  a  peculiar  unstable  salt,  is 

formed  in  solution,  while  hydrogen  is  evolved. 

Physical  Hydrogen,  though  ordinarily  gaseous,  may  be  liquefied, 

Properties.  ^^^  Q\QXi  solidified,  by  pressure  at  a  sufficiently  low  tem- 
perature. The  process  is  attended  with  experimental  difficulties  which 
have  only  been  overcome  in  comparatively  recent  time,  because  the 
critical  temperature  of  hydrogen  is  in  the  neighborhood  of  —  220°. 
Such  an  extreme  temperature  is  difficult  to  reach,  but  even  this  degree 
of  cold  and  more  may  now  be  produced.  If  the  pressure  upon  a  gas 
or  liquid,  capable  of  vaporizing  rapidly  under  reduction  of  pressure,  be 
suddenly  lowered,  the  consequent  expansion  will  produce  in  the  gas  or 
liquid  a  lower  temperature.  Carbon  dioxide,  for  example,  may  be  lique- 
fied by  compressing  it  and  cooling  it  in  ice  and  salt ;  and  the  cooled 
liquid  thus  obtained,  when  permitted  to  evaporate  by  relieving  the  pres- 
sure, absorbs  a  great  deal  of  heat,  so  much  in  fact,  that  a  part  of  the 
liquid  carbon  dioxide  becomes  exceedingly  cold  and  freezes.  So  lique- 
fied carbon  dioxide  may  be  used  to  produce  intense  cold  for  refriger- 
ating purposes.  Hydrogen  may  in  this  way  be  cooled  to  a  very  low 
temperature,  but  not,  however,  sufficiently  low  to  liquefy  it.  If  now  the 
sufficiently  cooled  gas  be  allowed  to  expand,  a  portion  of  it  in  expand- 
ing absorbs  a  great  deal  of  heat,  and  in  a  properly  constructed  appa- 
'"atus  arranged  for  successive  compressions,  coolings,  and  expansions, 
the  expansion  of  a  part  of  the  hydrogen  will  cool  the  remainder  of  the 
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gas  to  a  temperature  very  close  to  that  at  which  the  gas  becomes  a 
liquid.  In  this  manner  Dewar,  following  the  procedure  of  Wroblewski, 
and  allowing  hydrogen,  cooled  to  -205°  and  under  a  pressure  of  180 
atmospheres,  to  enter  a  vacuum  at  300^,  succeeded  in  producing  liquid 
hydrogen  with  a  boiling  point  of  -340°  under  atmospheric  pressure. 
More  recently  Dewar  has  succeeded,  at  a  temperature  of  -255**,  only 
18''  removed  from  the  absolute  zero,  in  reducing  hydrogen  to  the 
condition  of  a  white  crystalUne  solid. 

Chemical  The  chemical  relations  of  hydrogen  are  most  varied  and 

Properties,  important.  It  combines  with  many  elements,  toward  most 
of  which  it  is  electro-positive,  and  it  acts  as  a  positive  ion  in  acids.  It 
can  hardly  be  classed  among  the  metals,  since  in  liquid  form  it  is  a  non- 
conductor of  electricity,  though  it  forms  its  most  stable  and  definite 
binary  compounds  with  non-metallic  elements,  like  oxygen,  nitrogen, 
carbon,  and  chlorine.  Hydrogen  burns  in  oxygen  or  air,  forming  water. 
Ignited  at  the  mouth  of  a  jet,  it  burns  quietly,  but  when  a  mixture  of 
hydrogen  with  air  or  oxygen  is  raised  to  the  point  of  ignition,  about 
200**,  it  explodes  violently.  Though  non-luminous,  the  flame  is  very  hot  j 
and  it  ia  this  evolution  of  heat  which  keeps  the  hydrogen  burning  at  the 
jet  in  air,  and  which  spreads  the  chemical  action  throughout  a  mixture 
of  hydrogen  and  oxygen,  effecting  the  sudden  production  of  a  mass  of 
water  vapor,  the  expansion  of  which  constitutes  the  explosion.  Hydro- 
gen also  combines  with  most  electro-positive  elements,  like  potassium 
and  sodium. 

Hydrogen  is  absorbed  or  "  occluded  "  by  spongy  platinum 
in  marked  degree,  and  the  hydrogen  thus  condensed  combines 
with  oxygen  at  ordinary  temperature,  as  may  be  shown  in  Dobereineis 
lampy  in  which  a  jet  of  hydrogen  is  spontaneously  ignited  when  allowed 
to  impinge  upon  a  bit  of  freshly  ignited  platinum  sponge  exposed  to  air. 
Hydrogen  is  occluded  by  palladium  at  100®  to  an  amount  six  hundred 
times  the  volume  of  the  latter,  and  to  still  greater  extent  when  palladium 
is  made  the  negative  electrode  at  which  hydrogen  is  evolved  in  an  elec- 
trolytic cell.  These  compounds  of  hydrogen  with  the  metals  seem  to  be  of 
the  nature  of  the  ordinary  a/loysy  or  mixtures  of  metals.  Since,  moreover, 
like  ordinary  solutions,  they  exist  as  mixtures  in  many  proportions,  they 
may  be  regarded  as  solid  solutions  rather  than  definite  single  chemical 
compounds.  The  hydrogen  in  process  of  liberation  from  such  com- 
pounds, however,  possesses  extraordinary  chemical  activity,  and  in  this 
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respect  is  comparable  to  the  hydrogen  in  nascent  condition,  at  the  instant 
of  its  liberation  by  electrolysis  or  chemical  action. 

^^^^-  Hydrogen,  like   all   other  substances,  emits  light  when 

'**'  heated  to  a  sufficiently  high  temperature.     White  light,  as 

we  all  know,  when  passed  through  a  prism,  is  deviated  from  a  straight 
course  and  spread  out  into  a  continuous  band  of  rainbow  colors.  V\'hen 
sent  through  a  fine  slit,  and  then  through  a  prism,  the  white  light  is 
resolved  and' spread  out  in  a  spectrum  upon  a  plane  surface,  placed  to 
receive  it,  as  a  continuous  band  made  up  of  a  succession  of  images  of 
the  slit  in  all  colors  ranging  from  red  to  violet.  If  the  slit  is  illuminated 
by  a  ray  of  a  single  color,  the  image  of  the  slit  will  appear  on  the  plane 
surface  in  the  form  of  a  single  line.  The  continuous  band  of  color  is 
called  a  continuous  spectrum  and  a  spectrum  consisting  of  one  or  more 
lines  is  a  line  spectrum. 

While  solids  and  liquids,  when  sufficiently  hot,  emit  white  light  which 
is  resolved  by  the  prism  into  a  continuous  spectrum,  gases  and  vapors 
emit  simpler  colors  which,  when  passed  through  the  slit  and  prism, 
appear  as  line  spectra.  Such  line  spectra,  moreover,  are  characteristic 
of  the  substances  which  emit  them.  The  study  of  such  spectra  Consti- 
tutes the  spectrum  analyses  first  practiced  by  Bunsen  and  KirchofF;  and 
the  instrument  employed,  which  is  merely  an  apparatus  by  which  an 
illuminated  slit  is  observed  in  such  manner  that  the  position  of  any 
given  line  in  the  spectrum  may  be  noted,  is  the  spectroscope,  a  simple 
form  of  which  is  shown  in  the  figure. 

The  adjustable  slit  on  the  end  of  the  tube  A  is  illuminated 
T»«spe«ttft-   jjy  jIj^  jigijj  j^  jjg  investigated.     The  rays  passing  ihe  slit  are 
gathered   by  a  lens  and  sent   Id   a  parallel  ray  through 
the  prism  P  and  are 
gathered  again  by  the 
object  glass   of  the 
observing    telescope 
so  that  the  eye  placed 
at    E    will    see    the 
spectrum     produced 
by  images  of  the  slit, 
single    lines    if    the 
spectrum    is    a   line 
spectrum,  and  a  con- 
tinuous  band  of  im- 

ages    of    the    sUt    if  fig.  a.-The  Speclroseope. 

the  spectrum  is  con- 
tinuous.    Placed  opposite  the  second  face  of  the  prism  is  a  little  tele- 
scope cairying  a  scale,  the  reflection  of  which  in  the  face  of  the  prism 
is  seen,  a  little  above  the  spectrum,  by  the  eye  at  E.      By  means  of 
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this  arrangement  it  is  possible  to  determine  the  position  of  any  given 
h'ne  in  the  spectrum  produced  by  the  particular  instrument  in  use.  To 
observe  the  line  spectrum  of  a  substance  it  is  only  necessary  to  illumine 
the  slit  of  the  instrument  by  the  incandescent  gas  or  vapor  of  the 
substance. 


10    tp         M  ,  40    50    60    70    80    00    100   110   120   190   140   1M   IfO   170 

iiiiliiMliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiiliiiyiiiiiiiiiliinliiiiliiii^^  '  ' 


Red 


Ore 


sn 


Blue 


C  F  O 

Fig.  3.  —  Line  Spectrum  of  Hydrogen.     (Adapted  from  Roscoe.) 

Many  solids  and  liquids  may  be  vaporized  by  the  heat  of  a  Bunsen 
burner,  for  some  solids  it  is  necessary  to  use  the  electric  arc,  while  the 
spectra  of  gases  are  obtained  by  passing  the  sparks  of  an  induction  coil 
between  electrodes  in  tubes,  known  as  Geissler's  tubes,  containing  the 
gases  under  very  low  pressure.  Hydrogen,  submitted  to  the  action  of 
an  induction  spark,  gives  a  red  light,  which,  when  analyzed  by  the  sj)ec- 
troscope,  is  shown  to  consist  of  a  red  line  accompanied  by  a  green  line 
and  a  blue  line.  These  lines  have  always  the  same  relative  position  in 
the  spectrum  produced  by  a  given  spectroscope.  They  are  characteristic 
of  hydrogen. 

If  while  observing  a  line  spectrum  a  powerful  white  light  is  placed 
behind  the  luminous  gas  or  vapor,  the  continuous  spectrum  of  the  white 
light  will  form  a  background  for  the  line  spectrum,  against  which,  if  the 
white  light  is  sufficiently  powerful,  the  lines  will  look  dark.  The  spectrum 
of  hydrogen  for  example,  when  viewed  against  the  brilliant  continuous 
spectrum  of  an  electric  arc  light,  will  appear  as  three  dark  lines  occupy- 
ing the  position  of  the  lines  of  hydrogen  which,  when  seen  by  themselves, 
are  red,  green,  and  blue.     This  phenomenon  is  the  reversal  of  the  spec- 
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Fig.  4.  —  Continuous  Spectrum  of  Sunlight,  with  Fraunhofer  Lines. 

(Adapted  from  Roscoe.) 

trum,  the  immense  importance  of  which  becomes  apparent  when  we  study 
the  light  coming  to  us  from  the  sun.  The  so/ar  spectnim  consists  of  a 
brilliant  continuous  spectrum  crossed  by  many  dark  Hnes,  the  positions 
of  which  in  the  spectrum  coincide  with  the  bright  lines  of  many  known 
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substances  examined  by  themselves  with  the  same  instrument.  Among 
Praunhofer  the  dark  lines,  the  Fraunhofer  lines  as  they  are  called,  of 
Lines.  the  solar  spectrum,  we  find  the  lines  which  correspond  to  the 

positions  of  the  hydrogen  lines  when  observed  directly  against  a  non- 
luminous  background.  So  it  appears  that  the  white  of  the  photosphere 
or  luminous  envelope  of  the  sun  comes  to  us  through  masses  of  incan- 
descent hydrogen  in  its  upper  atmosphere.  This  is  a  phenomenon 
which  is  easily  observed  with  the  simplest  sort  of  spectroscope.  The 
astronomers  who  work  with  telescopes  which  can  be  so  directed  as  to 
take  in  only  the  light  from  the  outer  edge  of  the  sun  are  able  to  observe 
with  the  spectroscope  attached  to  the  telescope  the  bright  red,  green,  and 
blue  lines  of  hydrogen.  So  we  know  that  free  hydrogen,  which  exists 
in  our  world  in  only  small  amounts,  is  present  in  immense  masses  in  our 
sun,  and  in  the  other  blazing  suns  which  we  know  as  fixed  stars,  and  in 
the  celestial  nebulae. 

We  notey  in  summary  ^  that  hydrogen  may  be  obtained  from 
hydroxides  — /rom  water  by  the  dissociating  action  of  heat, 
and  by  the  action  of  elements,  positive  and  negative,  — from  acids  and  bases 
by  electrolysis,  and  by  the  action  of  metals  or  non-metals.  Hydrogen  may 
be  liquefied  and  solidified.  Hydrogen  is  very  active  chemically,  combining 
ii*ith  other  elements  directly  and  entering  into  many  compounds.  In  acids 
it  is  the  positive  ion  and  in  basic  hydroxides  it  is  a  part  of  the  negative 
hydroxyl'ion.  Hydrogen  is  occluded  in  large  quantities  by  certain  metals. 
Hydrogen  emits  a  characteristic  complex  spark  spectrum  consisting  of  one 
red  line,  one  green  line,  and  one  blue  line. 


CHAPTER  III 
PRIMARY  SERIES  — GROUP  0 

THE  INERT  GASES  OF  THE  ATMOSPHERE 

Heuum,  He,  4 

Neon,  Ne,  20 

Argon,  Ar,  [39.9] 

Kryfix>n,  Kr,  81.8 

Xenon,  Xe,  128 

Group  0:  j^  has  bccn  pointed  out  that  the  elements  of  Group  O  in 

the  primary  series  stand  next  to  hydrogen  and  in  an  inter- 
mediate position  between  the  strongly  electro- negative  acid-forming 
elements  of  the  series  and  the  strongly  electro-positive  base- forming  ele- 
ments of  the  same  series.  These  elements  mark  the  point  of  transition 
from  the  properties  of  one  extreme  to  those  of  the  other  opposite  ex- 
treme, and  offer,  after  hydrogen,  a  convenient  starting  point  for  the 
consecutive  study  by  groups  of  the  elements  of  the  primary  series.  The 
elements  of  Group  O  of  the  primary  series  are  all  colorless  gases,  and 
all  exist  in  fr^e  condition,  hydrogen  and  helium  in  the  atmosphere  of 
the  sun,  and  helium,  neon,  argon,  krypton,  and  xenon  in  the  atmosphere 
of  our  world,  although  in  exceedingly  small  quantities. 

Like  hydrogen  in  that  they  exist  ordinarily  in  gaseous  form,  and  give 
when  incandescent  characteristic  line  spectra,  the  elements  helium,  neon, 
argon,  krypton,  xenon,  constitute  a  group  of  elements  otherwise  peculiar. 
No  one  of  these  elements  is  known  to  combine  with  any  other  element; 
they  are  all  chemically  inactive.  To  identify  these  elements  we  have  to 
rely  upon  their  physical  properties,  chief  of  which  for  the  purpose  are 
the  spectral  lines  of  the  incandescent  gases. 

Helium  Though  it  seems  most  remarkable  that  we  should  go  to 

the  sun  to  make  the  first  discovery  of  an  element  existing 
upon  our  own  earth,  it  is  a  fact  that  the  existence  of  the  first  element  of 
the  series  was  noted  in  the  sun  by  Lockyer  in  1867,  who  attributed  the 
dark  line  D^  of  the  solar  spectrum  to  an  element  not  then  known  upon 
the  earth.  As  this  element  was  peculiar  to  the  sun,  it  was  named  heiiumy 
from  the  Greek  word  for  sun.  In  1892  Palmieri  found  the  bright  spectral 
line  of  helium  in  volcanic  material  thrown  out  by  Vesuvius,  and  in  189S 

24 
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Ramsay  evolved  from  the  mineral  uraniniU  a  gas  which  when  incan- 
descent gave  the  D^  line  of  helium,  as  well  as  four  other  lines  which  had 
not  been  previously  attributed  to  helium.  So  helium,  abundant  in  the 
suri^  does  exist,  though  very  sparingly,  upon  the  earth,  and  is  a  constitu- 
ent, though  a  very  minute  one,  of  our  atmosphere,  as  Kayser  was  the 
first  to  show.  It  has  recently  been  observed  that  helium  is  present  in 
the  emanations  from  certain  radio-active  substances.  When  an  induc- 
tion spark  is  passed  between  platinum  electrodes  through  helium,  the 
gas  is  absorbed  by  the  platinum,  but  is  again  evolved  upon  heating  the 
platinum.  The  behavior  of  hehum  is  like  that  of  hydrogen  toward  plati- 
num and  palladium,  and  the  solid  solution  of  hehum  in  platinum  is  the 
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Fig.  S- — Line  Spectra  of  Inert  Gases  of  the  Atmosphere.    Scale,  10-10  meter  wave-length. 

(Adapted  from  Travers.) 


only  known  association  of  helium  with  another  element  which  suggests 
in  any  way  that  helium  may  be  possessed  of  chemical  activity.  Under 
normal  conditions  helium  has  a  specific  gravity  of  3.96 ;  it  can  be  lique- 
fied by  means  of  vaporizing  liquid  hydrogen. 

When  air  is  freed  from  oxygen  and  the  minor  constitu- 
^*l*  ****^'  ents,  principally  water  vapor  and  carbon  dioxide,  there  is  left 
a  "  resi<lual  gas  '*  which  consists  principally  of  nitrogen.  Until 
recently  it  was  supposed  that  this  gas  contained  nothing  but  nitrogen, 
althoogh  Cavendish,  in  1783,  noted  that  while  the  greater  part  of  this 
''atnospheric  nitrogen,"  when  mixed  with  oxygen,  could  be  oxidized 
by  the  aid  of  an  induction  spark  to  products  absorbed  by  potassium 
hydroxide,  a  portion  always  remained  unchanged  under  this  treatment. 
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Lord  Rayleigh,  in  1892,  observed  that  purified  air,  when  freed  from 
oxygen  by  being  first  "sparked"  and  then  passed  over  hot  copper,  left 
a  gas  which  has  a  specific  gravity  greater  than  that  of  pure  nitrogen 
prepared  from  ammonia  or  nitric  acid.  Lord  Rayleigh  and  Ramsay 
investigated  this  new  gas,  which  is  present  to  the  extent  of  0.935  P^^ 
cent,  of  the  air  by  volume,  so  that  one  person  inhales  about  20  liters  of 
it  daily.     By  liquefying  it,  using  vaporizing  liquid  air  as  a  cooler,  and 

subjecting  it  to  fractional  distillation,  the  substance  has  been 

****"*  separated  into  a  trace  of  helium,  (^rgon,  which  constitutes 

the  larger  part  of  it,  and  the   allied  elements  neon,  krypton,  xenon, 

which  have  different  specific  gravities,  and  give  characteristic 
r^^'x^'^^  spectral  lines  when  incandescent.     The  last  four  gases  are 

heavier  than  helium,  neon  having  a  specific  gravity  of  19.94. 
argon  of  39.92,  krypton  of  81.76,  and  xenon  of  128,  and  a  similar 
gradation  is  seen  in  other  physical  properties  of  these  gases.  Thus, 
while  the  boiling  points  of  helium  and  neon  are  unknown,  the  boiling 
point  of  argon  is  —186.1°,  that  of  krypton,  — 151.67°,  and  that  of  xenon 
—  109.10°.  All  these  substances,  helium,  neon,  argon,  krypton,  xenon, 
apparently  chemical  elements,  are  alike  in  being  chemically  inactive. 

There  is  another  point  in  which  these  inert  gases  are  aUke 
Heats  ^  ^"^  peculiar.     The  specific  heat  of  a  gas  has  a  fixed  \'alue, 

if  the  gas,  when  heated,  is  kept  at  constant  or  unchanging 
volume,  not  being  allowed  to  expand.  The  specific  heat  has  other 
values,  however,  when  the  gas  is  allowed  to  expand,  because  in  expand- 
ing the  gas  is  doing  work ;  but  if  the  pressure  upon  the  gas  is  kept  con- 
stant while  it  is  allowed  to  expand,  another  fixed  value  of  the  specific 
heat  is  obtained.  For  any  given  gas  the  ratio  of  the  specific  heat  under 
constant  pressure,  Cp,  to  the  specific  heat  under  constant  volume, 
Cvy  has  a  fixed  value.     In  accordance  with  the  principles  of  thermo- 

d3mamics  it  can  be  shown  that  the  value  of  this  ratio,  -^^  depends  upon 

the  amount  of  internal  work  done  within  the  individual  molecule ;  and 
where  no  work  is  done  at  all  within  the  individual  molecule  the  r£itio 
should  have  the  value  1.66.  In  monatomic  gases,  in  which  the  molecule 
consists  of  one  atom,  and  in  which,  therefore,  no  work  is  expended  in 
the  motion  of  minor  constituent  parts  of  the  molecules,  the  ratio  should 

Cii 

be  1.66.     Fortunately  the  ratio  ~-  is  easily  found  by  determining  the 

wave-length  of  a  given  sound  vibration  in  the  given  gas  at  definite 

temperature  and  pressure.     In  this  manner  we  find  the  ratio  ~  to 

be  1.66  for  mercury,  which  is  known  to  be  monatomic,  because  its 
atomic  weight  and  molecular  weight,  the  specific  gravity  to  oxygen/32, 
are  the  same  ;  while  the  corresponding  ratio  for  diatomic  gases  like 
hydrogen  and  oxygen  is  approximately  1.4 1.     The  ratios  of  the  specific 
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heats  under  constant  pressure  to  the  specific  heats  under  constant 
volume  of  helium,  neon,  argon,  krypton,  and  xenon  are  found,  like  that 
of  niercury,  to  have  the  value  1.66,  which  shows  either  that  the  mole- 
cules of  these  gases  are  monatomic,  or  else  that  the  atoms  constituting 
a  molecule  are  held  together  so  firmly  as  to  be  incapable  of  indepen- 
dent motion  at  the  ordinary  temperatures.  The  simpler  hypothesis 
with  which  to  explain  the  ratio  of  the  specific  heats  of  the  inert  gases 
is  the  assumption  that  their  molecules  are  monatomic.  The  atomic 
weights  of  helium,  neon,  argon,  krypton,  and  xenon  are,  therefore,  ex- 
pressed by  the  same  numbers  which  stand  for  their  molecular  weights, 
and  for  their  specific  gravities,  in  terms  of  the  ideal  gas,  oxygen/32. 

The  inert  elements  of  the  atmosphere  are  all  colorless  gases ^ 
liguefiable  by  extremely  high  pressure  and  low  temperature^ 
but  ivithout  chemical  activity.  From  considerations  involving  the  specific 
heats  we  hold  these  gases  to  be  monatomic^  their  specific  gravities  being 
identical  with  both  their  atomic  and  molecular  weights.  These  elements 
are  recognized  by  their  characteristic  spectra. 


CHAPTER   IV 

PRIMARY  SERIBS— GROUP  I 

Lithium,  Li,  7.03 

Sodium,  Na,  :i3.05 

Potassium,  K,  39.15 

Rubidium,  Rb,  85.5 

CESIUM,  Cs,  131.9 

Group  I:  The  elements  of  Group  I  of  the  primary  series,  tithium, 

meniB.  sooium,  potassium,  rubidium,  and  csesium,  are  stnkingly 

similar  to  one  another,  and  are  known  as  the  alkali  elements.  They  are 
never  found  free,  and  only  in  recent  years  have  they  been  prepared  in 
pure  condition.  Sodium  and  potassium  were  first  prepared  from  their 
compounds  by  Sir  Humphry  Davy  in  1807.  They  are  soft,  lustrous 
metals  of  low  specific  gravity,  oxidizing  when  exposed  to  dry  air,  readily 
combustible,  decomposing  water  spontaneously,  with  formation  of 
hydroxides  which  are  the  strongest  bases  known.  Taken  as  a  whole, 
the  elements  exhibit  a  fairly  uniform  gradation  of  properties.  The 
alkali  elements  appear  in  compounds  as  positive  ions,  and  ordinarily 
exhibit  a  valence  of  I. 

The  simple  alkali  compounds  are  generally  soluble  in  water,  white  in 
color,  dissociated  by  high  heat,  and  thus  yielding,  even  in  the  Bunsen 
flame,  colors  and  spectra  characteristic  of  the  metals.  It  was  by  the 
observation  of  their  spectra  that  rubidium  and  caesium  were  discovered 
by  Bunsen  and  Kirchhoff  in  i860. 

The  compounds  of  the  alkali  elements  occur  very  widely 
distributed  in  rocks,  and  in  the  products  formed  by  the  dis- 
integration of  rocks,  sodium  and  potassium  in  great  abundance,  lithium 
sparingly,  and  rubidium  and  caesium  in  very  small  amounts.  Those 
rocks  of  the  earth's  crust  which  were  formed  by  the  cooling  and  solidifi- 
cation of  material  from  a  state  of  fusion  or  solution  at  high  temperatuit 

28 
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consist  of  minerals  which  are  elements,  or  compounds,  or  mixtures  of 
elements  or  compounds,  of  definite  physical  properties,  and  usually 
crystalline.  In  these  older  rocks  are  many  minerals  which  contain  com- 
pounds of  the  alkali  elements.  In  granite,  for  example,  we  find  feld- 
spars, such  as  orthoclase,  KAlSisOg,  or  albite,  NaAlSi^Oi,,  associated  with 
some  form  of  mica,  such  as  muscavite,  HjKAlsSisOis.     These  are  typical 
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Fig.  6.  —  Line  Spectra  of  Vapors  of  the  Alkali  Compounds.    Scale,  io->  meter 

nk'ave-length.    (Adapted  from  Roscoe.) 


of  many  other  rock-forming  compounds  of  potassium  and  sodium,  con- 
taining siHca,  SiOj  (silicon  dioxide),  and  other  oxides,  known  generally 
as  silicates.  By  the  disintegration  or  weathering  of  such 
rocks,  under  the  action  of  atmospheric  agencies,  —  the  freez- 
ing of  water  in  crevices,  the  chemical  action  of  carbon  dioxide  and 
water, — begins  the  formation  of  the  soil;  and  the  products  of  the  decay 
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of  plant  life,  once  started  in  the  soil,  tend  to  further  the  disintegration 
and  decomposition  of  the  material  of  the  rocks. 

Soluble  compounds  of  the  alkali  elements  may  be  washed 
from  the  soil  by  the  rains,  to  appear  in  springs  or  to  be  car- 
ried in  rivers  to  the  sea.  The  distillation  of  pure  water  from  the  surface 
of  the  sea  and  the  return  of  the  water  to  the  sea  charged  with  soluble 
compounds  from  the  soil  result  naturally  in  the  concentration  of  these 
soluble  materials  in  the  sea  water.  The  ocean  now  contains  about  3.5 
per  cent,  of  its  weight  of  dissolved  mineral  matter,  of  which  four  fifths 
is  sodium  chloride  and  a  small  proportion  potassium  chloride,  together 
with  minute  amounts  of  lithium  chloride  and  traces  of  the  chlorides  of 
rubidium  and  caesium.  When  the  sea  water  is  allowed  to  evaporate 
completely,  these  salts,  with  some  others,  chiefly  magnesium  chloride, 
magnesium  sulphate,  and  calcium  sulphate,  are  obtained  in  the  solid 
residue.  In  various  parts  of  the  earth  we  find  concentrated  brines,  and 
sometimes  solid  residues,  produced  by  the  evaporation  of  former  seas  of 
salt  water. 

At  Stassfurt,  in  Germany,  for  example,  there  is  a  natun! 
Stassfurt  deposit  of  salts  nearly  3000  feet  thick,  which  consists  for 
Deposit.  ^he  most  part  of  a  mass  of  halite  or  rock  salt  (sodium 

chloride),  NaCl,  in  thin  layers,  separated  by  layers  oi  anhydrite  (calcium 
sulphate),  CaSO^,  above  which  lie  strata  containing  potassium  and  mag- 
nesium minerals,  deposited  in  the  last  stage  of  evaporation  of  the  waters. 
The  most  important  of  these  strata,  lying  nearest  the  surface,  has  the 
composition  shown  in  the  table : 

Mineral  Symbol  PbrCskt. 

Carnallite  KCl .  MgClj .  6  HjO  55-60 

Kainite  K2SO4 .  MgSO* .  MgCl, .  6  H,0  Variable 

Sylvite  KCl  Variable 

Halite   (rock  salt)  NaCl  20-25 

Kieserite  MgSO^.  HjO  16 

Deposits  of  rock  salt,  generally  without  the  overlying  potassium  salts, 
also  occur  in  various  other  parts  of  the  world.     In  our  own  country  sucb 
deposits  lie  beneath  the  surface  in  parts  of  New  York  and  Michigan. 
Land  Plants        ^^'hen  soluble  sodium  salts  are  released  from  the  rocb  in 
and  Sea  the  formation  of  soil,  they  are  easily  washed  out  and  begin 

Plants.  ^Yiexv  journey  in  solution  to  the  sea.     The  potassium  salts,  oa 
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the  other  hand,  are  likely  to  be  entrapped  on  the  way.  Potassium  salts 
are  seized  upon  by  plants  feeding  upon  the  soil,  while  the  sodium  salts 
for  the  most  part  escape.  When  plants  cease  to  live,  and  decay,  the 
potassium  com|X)unds  are  returned  again  to  the  soil,  to  be  taken  up  by 
other  plants  or  to  be  washed  away.  The  living  plants  upon  the  land 
serve,  therefore,  as  a  repository  of  potassium  salts,  to  promote  the 
growth  of  succeeding  generations  of  plants.  Sometimes,  however,  it 
becomes  necessary  to  increase  the  content  of  potassium  in  poor  soils 
by  the  addition  of  potassium  salts  as  fertilizers.  When  land  plants  are 
burned,  the  potassium  salts  taken  from  the  soil  are  changed  for  the  most 
part  into  potassium  carbonate,  which  may  be  dissolved,  or  lixiviated,  out 
of  the  ashes,  and  obtained  in  solid  form  by  evaporating  the  solution. 
It  is  this  property  of  holding  potassium  compounds,  possessed  by  land 
plants,  which  keeps  the  potassium  salts  from  accumulating  in  the  sea  in 
corresponding  measure  with  the  sodium  salts,  and  thereby  makes  it 
possible  to  use  the  ashes  of  land  plants  as  a  source  from  which  to  obtain 
potassium  compounds.  On  the  other  hand,  the  sea  plants  possess  the 
characteristic  property  of  taking  up  sodium  compounds  from  the  sea 
water,  and  so  the  ashes  of  sea  plants  may  serve  as  a  source  of  sodium 
carbonate,  just  as  the  ashes  of  land  plants  may  be  lixiviated  to  obtain 
potassium  carbonate. 

From  the  sea  waters  and  brines  containing  the  extracts  from  soils  and 
disintegrated  rocks,  as  well  as  from  residues  of  the  natural  evaporation 
of  soil  waters,  the  compounds  of  sodium  and  potassium  may  be  ob- 
tained ;  and  the  ashes  of  land  plants  and  sea  plants  also  constitute- 
available  starting  points  for  the  preparation  of  these  salts.  Compounds 
of  lithium,  rubidium,  and  caesium  are  prepared  more  advantageously 
from  certain  rare  minerals. 

« 

Lithium,  Li,  7.03 

C6mpK)unds  of  lithium  occur  widely  but  generally  sparingly  distributed 
in  rocks,  soils,  and  mineral  waters.  Certain  minerals  contain  this  element 
in  considerable  amounts,  such  as  the  silicates,  lepidolite  and  spodumene, 
and  the  complex  phosphates,  triphylite,  lithiophylite,  nnd  amblygonite. 
Certain  mineral  waters  likewise  carry  soluble  lithium  suits  in  appreciable 
quantities,  and  the  presence  of  lithium  is  recognized  in  the  ash  of  cer- 
tain plants  such  as  tobacco  and  the  beet.  Advantage  is  taken  of  the 
greater  insolubility  of  lithium  carbonate  to  precipitate  this  salt  from 
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the  mixture  of  soluble  alkali  salts  obtained  from  mineral  springs,  or  from 
lithium  minerals  by  suitable  treatment. 

From  lithium  carbonate,  purified  by  dissolving  in  water  chaiged  with 
carbon  dioxide  and  reprecipitating  by  removing  the  carbon  dioxide,  salts 
of  lithium  may  be  prepared  by  the  action  of  appropriate  acids.  By 
the  action  of  hydrochloric  acid  upon  lithium  carbonatCi  LijCOs,  soluble 
lithium  chloride,  LiCl,  may  be  obtained, 

Li^O/^"^  "^  ^-Cl  -  Z/-C1  +  H-O-H  +  C^Q 

and  from  lithium  chloride,  lithium  may  be  obtained  by  electrolysis  of 
the  fused  salt  or  of  the  salt  dissolved  in  pyridine, 

2  Z<~C1  =  2  Z/  +  Cl-Cl 

■ 

Lithium  is  a  silvery  white  metal,  of  specific  gravity  0.59,  melting  at 
180°,  and  capable  of  decomposing  water  at  the  ordinary  temperature 
with  evolution  of  hydrogen  and  formation  of  lithium  hydroxide, 

2  Li  +  2  H-O-H  =  2  Li-O-H  +  H-H 

from  which  many  characteristic  salts  of  lithium  may  be  prepared,  in 
which  lithium  is  a  univalent  positive  ion. 

Lithium  oxide,  Li^O,  white  and  crystalline,  obtained  by  ignition  of 
lithium  nitrate  in  contact  with  copper,  shows  a  tendency  when  heated 
in  oxygen  to  take  on  more  oxygen,  with  partial  formation  of  yellowish 
lithium  dioxide,  Li._.02. 

Lithium  hydroxide,  LiOH,  white  and  soluble  in  water,  is  most  easily 
made  by  acting  upon  lithium  sulphate,  LiS04,  with  barium  hydroxide, 
Ba(0H)2,  insoluble  barium  sulphate,  BaS04,  and  soluble  lithium 
hydroxide  being  formed. 

Lithium  chloride,  LiCl,  white  and  deliquescent,  may  be  crystallized  at 
ordinary  temperatures  from  its  water  solution ;  below  10®,  however,  the 
salt  takes  on  water  of  crystallization,  forming  LiCl  •  2HjO. 

Lithium  carbonate,  LigCOg,  white  and  soluble  in  about  one  hundred 
parts  of  water,  is  precipitated  from  concentrated  solutions  of  lithium 
chloride,  LiCl,  by  the  action  of  a  soluble  carbonate.  Lithium  carbonate 
dissolves  to  the  extent  of  four  per  cent,  in  water  charged  with  carbon 
dioxide,  probably  forming  lithium  hydrogen  carbonate,  and  is  again  pre- 
cipitated upon  removal  of  the  excess  of  carbon  dioxide.  Advantage 
may  be  taken  of  this  behavior  to  purify  lithium  carbonate. 

Lithium  phosphate,  2Li3p04*HvO,  white,  crystalline,  and  difficuldy 
soluble,  is  precipitated  from  solutions  of  lithium  salts  by  sodium  phos- 
phate, Na2HP04,  and  ammonium  hydroxide,  NH4OH.  The  metal 
lithium,  ignited  in  nitrogen,  forms  lithium  nitride ,  LisN,  and  in  hydrogen 
forms  lithium  hydride,  LiH. 
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L.ithuiin  salts  give  to  the  Bunsen  flame  a  crimson  color,  and  exhibit  a 
chajacteristic  spectrum  consisting  of  a  crimson-red  line,  with  a  very  faint 
orange-red  line. 

Sodium,  Na,  33.05 

From  the  ashes  of  sea  plants  the  sodium  carbonate  of 
commerce  was  formerly  made.  At  the  present  time  salt 
water  beach  plants  are  still  cultivated  in  Spain  and  Southern  France  to 
make  crude  sodium  carbonate,  or  soda^  as  the  extract  of  the  ashes  was 
formerly  called.  While  this  form  of  the  soda  industry  is  now  of  local 
importance  only,  the  sodium  carbonate  obtained  by  the  historic  process 
of  lixiviating  the  ashes  of  sea  plants  and  evaporating  the  solution  will 
serve  us  best  as  a  starting  point  in  our  study  of  typical  compounds  of 
sodium.  We  shall  consider  later  the  modern  commercial  methods  for 
the  manufacture  of  sodium  carbonate. 

Sodium  Sodium  carbonate,  NaaCOs,  is  found  native,  notably  in 

Caibonata.  California.  It  may  be  lixiviated  from  the  ashes  of  sea 
plants,  and  is  produced  conveniently  from  sodium  chloride  by  the 
processes  of  Leblanc  and  of  Solvay,  which  will  be  considered  later.  It 
dissolves  easily  in  water,  from  which  it  may  be  crystallized  in  prismatic 
crystals,  having  the  symbol  NagCOg  •  loHjO.  This  is  common  "  washing 
soda."     At  100°  the  crystals  become  anhydrous  and  disintegrate. 

When  carbon   dioxide,  CO2,  in  solution,  in   effect  the   unstable 
carbonic   acid,  H2COS,  acts  upon  the  neutral  crystallized  sodium 
carbonate,  NajCOg,  the  acidic  sodium  hydrogen  carbonate,  NaHCOg, 
« is  formed. 


Na 
Na 


lg>C=0  +  2=0>C=0  - ,  *^:g>c-o 


The  same  reaction  takes  place  when  carbon  dioxide  is  passed  into  a 
saturated  solution  of  neutral  sodium  carbonate,  inasmuch  as  the  acidic 
carbonate  is  much  less  soluble  than  the  neutral  carbonate.  The  sodium 
hydrogen  carbonate  is  "baking  soda."  When  heated  moderately,  it 
gives  olT  carbon  dioxide,  readily  forming  the  neutral  salt,  and  this  process 
goes  on  even  in  the  boiling  solution  of  the  salt. 

Sodium  Both  sodium  carbonate  and  sodium  hydrogen  carbonate 

Caxtranatft  are  decomposed  by  nearly  aU  acids  with  the  liberation  of 
end  Acida.  carbon  dioxide,  and  the  formation  of  corresponding  sodium 
salts  in  which  sodium  is  the  positive  ion, 

D 
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By  acting  upon  sodium  carbonate,  NasCOs,  with  sulphuric  acid, 
carbon  dioxide,  CO2,  is  set  free,  and  the  resulting  solution  contains 
sodium  sulphate^  NajS04. 


Na- 
Na 


:8>=o  +  ^:8><8  =  ^::8><?  +  "-o-h  +  c^ 


Na- 
Na 


By  changing  the  proportions  of  the  reacting  substances,  sodium  hydro- 
gen sulphate ,  NaHS04,  may  be  obtained. 

:8>=o  +  ^^i8Xo  = '  h:8X§  +  »-«-«  +  <o 

If  nitric   acid  is  used  to  decompose  sodium  carbonate,  sodium 
nitrate,  NaNOg,  is  formed  in  solution. 

^^-Oy=o  +  X  =  ^  +  H-O-H  +  C^ 

Similarly,  if  hydrochloric  acid  is  used,  sodium  chloride,  NaCl,  is  the 
product. 


Na 


:8>=o  +  ^:g  =  ^::S  +  h-o-h  +  c^ 


Sodium  When  the  sparingly  soluble  calcium  hydroxide,  Ca(OH)i, 

Hydroxide,  jg  added  to  a  solution  of  the  soluble  sodium  carbonate, 
NajCOs,  and  the  mixture  boiled,  a  metathesis  takes  place,  the  insoluble 
calcium  carbonate,  CaCOa,  being  precipitated,  while  sodium  hydroxidf, 
NaOH,  remains  in  solution.  The  action  takes  place  slowly,  because  the 
calcium  hydroxide  needed  to  complete  the  action  goes  into  solution 
very  gradually. 

After  settling  out  the  insoluble  calcium  carbonate  and  evaporating  the 
solution,  a  white  residue  of  sodium  hydroxide  remains.  This  is  "caustic 
soda."  The  crude  product  is  sometimes  dissolved  in  alcohol  to  purify 
it,  and  the  residue,  still  containing  some  water  after  evaporation  of  the 
alcohol,  is  cast  into  sticks. 

Sodium  Sodium  hydroxide  may  be  used  to  neutralize  adds,  and 

Hydroxide  thus  produce  salts  in  which  sodium  is  the  positive  ion.  With 
uidAcide.      sulphuric    acid,    sodium    hydroxide,    NaQH,    gives 
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sodium  sulphate^  Na«S04,  or  sodium  hydrogen  sulphate^  NaHS04,  ac- 
cording to  the  proportions  of  the  reagents. 

iVb_0-H    ,    H-0\^^0  __  Na-0\^0    ,    H-O-H 

m-o-H  +  j:gx8  =  ^"=8><8  +  H-o-H 

With  nitric  acid,  sodium  hydroxide  gives  sodium  nitrate^  NaNOj. 
Na-O-Yi  +  ^-0-N^^  =  ^tf-O-N^^  -f  H-O-H 

With  hydrochloric  acid,  sodium  hydroxide  gives  sodium  chloride, 

NaCl 

Na^O-n  -f  ^-Cl  =  Na--C\  +  H-O-H 

With  carbon  dioxide,  CO2  dissolved  in  water  (in  effect  carbonic 
acid,  H2CO3),  sodium  hydroxide  gives  sodium  carbonate,  NajCOj, 
or  sodium  hydrogen  carbonate,  NaHCOs. 

Na-O^YL  ,    ^-0\^__^  _  ^^(^-0\r._c\  a.  H-O-H 
iVtf_0-H  ^  H-OA'^^  "  Na-OA^^  "^  H-O-H 


Na^O-YL  +  hIoX=^  =   H -0/^=^  +  H-0- 


H 


Sodium  Sodium  hydroxide  interacts  with  the  salts  of  many  elements 

Hydroxide  to  form  hydroxides.  When  sodium  hydroxide,  NaOH, 
and  Salts.  jg  added  to  a  solution  of  calcium  .chloride,  CaClj,  the 
sparingly  soluble  calcium  hydroxide,  Ca(0H)2,  may  be  precipitated,  and 
sodium  chloride  remains  in  solution. 

AT^-O-H    ,    ^  /CI  _  Na-C\    ,    ^  /0-H 
iVa-O-H  "^  ^''XCl  ■"  Na-C\  "*"  ^''XO-H 

Salts  of  other  elements  and  radicals  are  readily  acted  upon  by  sodium 
hydroxide  with  the  formation  of  sodium  salts  and  hydroxides.  Ammo- 
nium salts  are  thus  decomposed,  and  inasmuch  as  the  ammonium  hy- 
droxide formed  is  unstable,  ammonia  and  water  are  amohg  the  final 
products.  Thus,  when  we  act  upon  ammonium  chloride,  NH4CI, 
with  sodium  hydroxide,  NaOH,  we  get  sodium  chloride,  NaCl,  and 
ammonium  hydroxide,  NH4OH,  or  ammonia,  NHg,  and  water. 

NaOH  -f-  NH4CI  =  NaCl  -f-  NH4OH,  or 
NaOH  -f  NH4CI  =  NaCl  +  NHg  +  H^O 
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SoaDs  '^^  reaction  of  sodium  hydroxide  with  salts  to  form  other 

hydroxides  is  largely  employed  in  soap  making.  Ordinary 
soap  is  usually  a  sodium  salt  of  a  complex  carbon  acid  of  the  group 
known  2&  fatty  acids.  Animal  and  vegetable  fats  consist  chiefly  of  salts 
of  these  fatty  acids  and  glycerine,  a  weakly  basic  hydroxide.  Thus 
stearin,  C3Ha(CigH3502)3,  contained  in  tallow,  is  a  salt  of  glycerine^ 
C8H5(OH)8,  and  stearic  acid,  Yii^^Jdi),  When  we  boil  a  mixture 
of  stearine  and  sodium  hydroxide,  a  metathesis  takes  place  by  which 
the  sodium  of  the  sodium  hydroxide  changes  place  with  the  positi%'e 
radical  of  the  stearin,  forming  glycerine,  and  leaving  a  residue  of 
sodium  stearate^  Na(Ci3H9B02).     This  is  ordinary  har^  soap. 

3  NaOH  +  C3H,(C„H„0,)a  =  3  NaCdl^HaBO,)  +^sH.(OH)s 

The  action  of  a  basic  hydroxide  upon  the  glycerine  salt  of  a  fatty  acid  to 
form  glycerine  and  a  soap  or  salt  of  the  fatty  acid  is  called  saponification^ 
and  the  use  of  this  term  is  sometimes  extended  to  cover  the  similar  action 
of  a  basic  hydroxide  upon  other  compounds  of  carbon.  In  practice  the 
animal  fats  and  many  kinds  of  vegetable  oils  are  employed  in  soap 
making.  When  the  soap  is  dissolved  in  water,  it  is  partially  hydrolyzeti, 
giving  a  small  proportion  of  free  alkali  hydroxide  to  which  the  detergent 
effect  is  largely  due. 

p  Sodium  hydroxide  has  recently  found  a  similar  application 

^^'  in  the  preparation  of  wood  pulp  ^  useful  in  the  manufacture 
of  paper.  Soft  woods,  such  as  poplar,  cottonwood,  and  basswood,  arc 
most  suitable  for  the  purpose,  since  they  consist  of  nearly  pure  cellulose, 
(CixH«Oio)«i  containing  small  amounts  of  resinous  material.  When  the 
chipped  or  ground  wood  is  digested  for  some  hours  with  a  solution 
of  sodium  hydroxide,  the  resinous  material  is  saponified,  forming  soaps 
soluble  in  water,  and  these  dissolve  in  the  liquid,  and  may  be  washed 
away  with  the  excess  of  sodium  hydroxide,  leaving  the  cellulose  fiber  as 
a  soft  pulp. 

Sodium  We  have  considered  how  sodium  sulphate,  sodium  nitrate, 

Salts.  and  sodium  chloride  may  be  produced  by  the  action  of 

acids  upon  sodium  carbonate  or  sodium  hydroxide.  These  salts  are 
white  solids  soluble  in  water,  and  are  commercial  products  of  great 
importance. 

Sodium  sulphate,  NasS04,  made  by  the  action  of  sulphu- 
jTa-o^Co  "^  ^^^^  upon  sodium  carbonate  or  sodium  hydroxide,  oc- 
curs in  solution  in  many  waters  and  brines,  and  in  large 
deposits  both  in  the  anhydrous  condition,  and  in  the  crystallized  form, 
Na2S04 .  loHgO,  known  as  Glauber^ s  salt.  It  is  produced  in  large  quan- 
tities in  the  first  stage  of  the  Leblanc  soda  manufacture   by  heating 
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sodium  chloride  (salt)  and  sulphuric  add  together,  hydrogen  chloride 
gas  being  expelled  in  the  process. 

Aa-Cl  "^  jy-o/^o  ~  Na-^O/^O  +  jy-ci 

There  are  other  commercial  processes  by  which  it  is  produced  from 
common  salt,  to  be  used  in  the  manufacture  of  sodium  carbonate  and 
of  glass. 

jfa-fr\^0  Sodium  hydrogen  sulphate,  NaHSO^,  formed  by  the  action 
^  -0/^0  of  sulphuric  add  upon  sodium  sulphate,  is  a  white  crystal- 
line solid,  soluble  in  water. 

NasS04  +  HjS04  =  2  NaHS04 

Sodium  nitrate^  NaNOg,  which  may  be  produced  by  the 
371— o-N^  action  of  nitric  acid  upon  sodium  carbonate  or  sodium 

hydroxide,  occurs  naturally  as  "  Chili  saltpeter,"  in  a  deposit 
many  S(|uare  miles  in  extent,  lying  in  the  desert  region  on  the  western 
coast  of  Sputh  America.  The  natural  rock,  or  caliche,  containing  the 
salt  is  boiled  with  water,  and  the  crude  material  is  obtained  by  crystalli- 
zation, to  be  shipped  to  Europe  and  America  for  use  in  the  manufacture 
of  potassium  nitrate  and  nitric  acid,  and  as  a  fertilizer.  The  salt  crystal- 
lizes in  white  rhombohedra  very  similar*  to  cubes,  and  so  it  is  called 
"cubic  saltpeter."  It  is  hygroscopic,  taking  in  moisture  easily  from 
the  atmosphere. 

Sodium  chloride,  NaCl  (salt),  made  in  pure  condition  by 

the  action  of  hydrochloric  acid  upon  sodium  carbonate  or 
sodium  hydroxide,  occurs  as  the  mineral  halite  (rock  salt)  in  many  coun- 
tries, and  often  in  such  a  condition  of  purity  that  it  need  only  be  mined 
and  crushed  to  be  ready  for  use.  Mention  has  already  been  made  of 
the  chief  European  deposit  at  Stassiurt.  In  the  United  States  large  salt 
deposits  lie  beneath  the  surface  in  New  York  and  Michigan,  from  which 
the  salt  is  extracted  by  sinking  shafts  and  running  water  into  them, 
which,  when  it  is  saturated,  is  pumped  out  and  evaporated  to  crystallize 
the  comparatively  pure  salt.  The  water  of  salt  springs^  and  brines,  also 
yield  sodium  chloride  by  evaporation,  and  in  warm  countries  the  sea 
water  is  evaporated  by  the  sun's  rays,  and  finally  by  artificial  heat,  to  get 
the  impure  salt.  Some  salt  is  produced  in  California  in  this  manner. 
In  Russia,  the  first  concentration  of  sea  water  is  made  by  freezing  out 
the  pure  water,  thus  leaving  a  strong  brine  to  be  evaporated. 


38  OUTLINES   OF   INORGANIC  CHEMISTRY 

Sodium  chloride  crystallizes  ordinarily  from  water  in  transparent  an- 
hydrous cubes  which  arrange  themselves  in  curious  hopper-like  forma- 
tions, though  at  —  io°  it  crystallizes  in  tables  having  the  composition 
NaCl  •  2  H2O.  It  is  about  equally  soluble  in  hot  water  and  in  cold  water. 
It  is  used  in  making  a  freezing  mixture  with  ice.  Sodium  chloride  is 
necessary  as  a  food,  furnishing  the  chlorine  of  the  hydrogen  chloride 
which  is  a  constituent  of  the  gastric  juice  of  th^  stomach.  The  greater 
part  of  tMe  sodium  chloride  of  commerce  is  used  in  the  manufacture 
of  sodium  compounds,  principally  sodium  carbonate,  and  of  hydro- 
chloric acid. 

Sodium  was   first  produced  by  Sir  Humphry  Davy,  in 
1807,  by  the  electrolysis  of  fused  sodium  hydroxide. 


Sodium. 


Na-O-H  -  Na  +  ^~^  +  ^"^ 

It  was  formerly  prepared  commercially  by  igniting  a  mixture  of  sodium 
carbonate  and  coal  in  an  iron  retort,  condensing  the  vapor  of  the  volatile 
metal  in  iron  receivers,  and  collecting  the  metal  under  rock  oiL 

Na-0/^-^  "^  C  -  Na  +  3C=0 

More  recently  sodium  hydroxide  has  been  reduced  commercially  by 
treatment  with  a  combination  of  carbon  with  finely  divided  iron. 

Sodium  is  a  soft,  lustrous,  white  metal  of  specific  gravity  0.9348  at  o^ 
melting  at  95.6°,  boiling  at  742°,  oxidizing  on  exposure  to  air,  and  de- 
composing water  at   ordinary  temperatures. 

Sodium  At  temperatures  below  300''  sodium  combines  with  oxygen 

Oxides.  to  form  sodium   dioxide^  Na202  (sodium,  peroxide).    Vca 

dioxide  loses  oxygen  when  strongly  heated,  and  tends  to  form  sodium 
monoxide,  Na.,0,  which,  however,  is  not  known  certainly  in  pure  condi- 
tion. Sodium  dioxide  is,  however,  acted  upon  by  water,  with  evolution 
of  oxygen,  and  the  formation  of  sodium  hydroxide,  which  is  also  formed 
when  water  is  decomposed  by  sodium. 

The  sodium  compounds  are  slightly  volatile  at  high  tera- 
Spoctrom.  •• 

peratures.     They  give  to  the  Bunsen  flame  an  intense  yellow 

color,  and  exhibit  a  characteristic  spectrum  consisting  of  two  closely 

adjacent  yellow  lines. 
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In  summarizing  the  recutions  of  sodium  and  its  compounds , 
we  note  that  sodium  carbonate  is  acted  upon  by  acids  with 
the  formation  of  corresponding  sodium  salts,  which  are  generally  white, 
soluble  in  water,  and  not  readily  decomposed  by  heating.  By  acting 
upon  sodium  carbonate  with  calcium  hydroxide,  the  strongly  basic  solu- 
ble sodium  hydroxide  is  formed,  which  will  neutralize  acids  with  the 
formation  of  sodium  salts.  By  the  electrolysis  of  fused  sodium  hydroxide, 
sodium  is  obtained,  which  oxidizes  to  sodium  dioxide,  and  which  decom- 
poses water  spontaneously  to  form  sodium  hydroxide.  The  compounds 
of  sodium  impart  a  yellow  color  to  flame,  and  exhibit  a  characteristic 
spectrum  of  two  closely  adjacent  yellow  lines. 

manufacture  The  Commercial  manufacture  of  sodium  carbonate  from 

of  Sodium  sodium  chloride  {salt)  utilizes  several  of  the  reactions  with 
Car  note.  ^hich  we  became  familiar  in  our  study  of  the  sodium 
compounds.  The  older  process  of  Leblanc  is  still  retained  in  long- 
established  plants,  but  is  destined,  no  doubt,  to  replacennent  finally  by 
the  more  economical  Solvay  process. 

The  Leblanc  Soda  Process,  invented  by  Nicolas  Le  Blanc, 
^™"  in  1775,  ^^  competition  for  a  prize  offered  by  the  French 

Academy,  depends  primarily  upon  three  chemical  reactions. 
When  sodium  chloride,  NaCl,  is  acted  upon  by  sulphuric  acid,  gaseous 
hydrogen  chloride  is  evolved,  and  sodium  sulphate,  Na2S04,  remains 
behind. 

(i)  2  NaCl  4-  HsS04  =  Na2S04  +  2  HCl 

The  sodium  sulphate  may  be  reduced  to  sodium  sulphide,  NajS,  by 
heating  it  with  carbon,  carbon  dioxide  being  evolved. 

(2)  Na^SO*  4-  2  C  =  Na.^  -f  2  CO2 

When  sodium  sulphide  and  calcium  carbonate  (limestone)  are  heated 
in  intimate  mixture,  sodium  carbonate  is  formed. 

(3)  NagS  +  CaCOg  =  NagCOg  -|-  CaS 

The  first  part  of  the  process  is  commenced  in  a  covered  iron  pan,  and 
is  completed  in  some  form  of  reverberatory  furnace,  so  arranged  that 
while  the  fuel  is  kept  separate  from  the  charge  to  be  heated,  the  flames 
come  directly  in  contact  with  it.  The  gaseous  hydrogen  chloride  is  led 
away  to  a  tower  and  absorbed  in  water  to  be  utilized  as  a  by-product. 
The  fused  mass  from  the  furnace,  known  as  salt  cake,  contains  95  per  cent, 
of  sodium  sulphate.  It  is  crushed,  mixed  with  finely  broken  limestone 
and  powdered  coal,  and  fused  in  a  reverberatory  furnace  until  carbon 
monoxide,  CO,  appears  as  a  sign  of  the  end  of  the  process.     The  carbon 
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monoxide  comes  from  the  reaction  between  carbon  and  an  excess  of 
Umestone.  CaCO.  +  C  =  CaO  +  2  CO 

The  crude  mixture  thus  obtained,  containing  45  per  cent,  of  sodium 
carbonate  and  a  large  quantity  of  calcium  sulphide,  is  called  black  ash. 
This  is  lixiviated  with  water.  The  resulting  fank  liquor  contains  24  per 
cent,  of  sodium  carbonate,  including  some  sodium  hydroxide  which  can 
be  converted  into  sodium  carbonate  by  the  action  of  carbon  dioxide.  By 
evaporating  the  tank  liquor  crude  soda  ash  is  obtained,  from  which  pure 
sodium  carbonate  may  be  made  by  solution  and  crystallization.  The 
residue  of  tank  waste,  containing  calcium  sulphide,  Hme,  coal,  and  ashes, 
is  utilized  in  various  ways.  In  Europe  the  Leblanc  process  has  been 
employed  for  a  century  and  a  quarter,  and,  at  the  present  time,  its 
product  equals  that  of  the  Solvay  process. 


Fig.  7.  —  Revolving  Black  Ash  Furnace  used  in  the  Manufacture  of  Sodium  Carbonate 
by  the  Leblanc  Process.  A,  Firebox.  B^  Rotating  Cylinder.  CC,  Evaporating  Pan. 
/?,  Chimney.    (Thorp.) 


g^.  The   Solvay  Soda  Process,  devised    in  1863   by  Ernest 

Process.  Solvay,  a  Belgian,  depends  upon  the  fact  that  sodium  hydro- 
gen carbonate  is  but  slightly  soluble  in  a  cold  ammonia 
solution  of  common  salt.  It.  involves  three  simple  reactions.  When 
carbon  dioxide,  CO2,  is  passed  into  a  water  solution  of  ammonia.  NH* 
ammonium  hydrogen  carbonate,  NH4HCO3,  is  formed. 

(i)   NHg-l-HgOH-COa^NH^HCOs 

Ammonium  hydrogen  carbonate  reacts  with  sodium  chloride,  NaCl,  to 
form  sodium  hydrogen  carbonate,  NaHCOs,  and  ammonium  chloride. 

(2)  NaCl-f-NH4HC03=NaHC03  +  NH4Cl 

When  sodium  hydrogen  carbonate  is  heated,  carbon  dioxide  and  water 
are  evolved,  and  sodium  carbonate  is  formed. 

(3)  2NaHC03=NaaC03  +  Hj,0-f  CO, 

In  the  actual  practice  carbon  dioxide  under  pressure  is  passed  into  a 
concentrated  solution  of  salt,  saturated  with  ammonia,  at  a  temperature 
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which  does  not  exceed  40^,  and  the 
sodium  hydrogen  carbonate  thus  pre- 
cipitated is  separated  from  the  solu- 
tion, driedi  and  ignited. 

NaCl  +  NH40H4-C02=s 

NaHCOs  +  NH^a 

The  sodium  chloride  used  as  raw 
material  is  obtained  bv  boring  into 
the  salt  deposits,  flooaing  the  wells 
with  water,  and  pumping  to  the  sur- 
face and  evaporating  the  resulting 
brines.  Part  of  the  ammonia  required 
is  obtained  by  treating  with  lime  the 
ammonium  compounds  contained  in 
"  gas  liquor,"  and  part  is  formed  by 
acting  upon  the  by-product  ammo- 
nium chloride  with  slaked  lime  resi- 
dues. Part  of  the  carbon  dioxide 
required  is  produced  by  heating 
limestone  in  a  kiln  of  special  form, 
a  residue  of  quicklime  being  also 
formed  from  which  slaked  lime  is 
obtained,  and  part  of  the  carbon 
dioxide  is  produced  by  heating  the 
sodium  hydrogen  carbonate  formed 
as  an  intermediate  product* 

The  brine  is  placed  in  a  tank  pro- 
vided with  a  perforated  bottom,  under 
which  is  introduced  ammonia  gas, 
which  rises  through  the  liquid  until 
the  latter  is  saturated,  the  mixture- 
being  kept  cool  by  cold  water  cir* 
culating  in  coils.  The  saturated  am- 
moniacal  solution  is  passed  through 
a  settling  tank  and  thence  into  a 
carbonating  tower^  which  consists  of 
segments,  each  of  which  has  a  large 
opening  in  the  bottom,  covered  by  a 
perforated  dome,  and  each  of  which 
is  cooled  by  a  system  of  pipes  carrying 
cold  water.  The  ammoniacal  brine 
is  forced  under  pressure  through  a 
pipe  entering  at  a  point  a  little  above 
the  middle   of  the   tower,  and  the 
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carbon  dioxide,  cooled  and  purified,  and  also  under  pressure,  is  forced 
into  the  tower  at  the  base,  and  rises  in  bubbles  through  the  per- 
foration of  the  domes  in  each  segment  of  the  tower,  thus  coming 
in  close  contact  with  the  cooled  amn^oniacal  brine.  The  sodium  hydro- 
gen carbonate  formed  is  held  in  suspension  in  a  thick  milky  solution, 
which  is  drawn  off  from  the  base  of  the  tower,  and  filtered  or  passed 
through  a  centrifugal  machine  to  separate  the  sodium  hydrogen  carbon- 
ate from  the  ammonium  chloride  and  the  excess  of  sodium  chloride 
held  in  solution.  The  sodium  hydrogen  carbonate  recovered  is  washed 
with  water,  and  calcined  .in  large  covered  cast-iron  pans  or  ovens, 
being  thus  converted  into  soda  ash,  or  sodium  carbonate.  The  gases 
from  the  carbonating  tower  and  the  calcining  ovens  are  cooled  and 
purified,  and  the  carbon  dioxide  obtained  from  them  is  used  in  the  car- 
bonating tower.  The  mother  liquors  from  which  the  sodium  hydrogen 
carbonate  has  been  crystallized,  and  the  wash  waters,  are  treated  with 
slaked  lime  to  recover  the  ammonia,  which  is  utilized  in  the  first  stage 
of  the  process.  ' 

Manufac-  Sodium  hydroxide  is  manufactured  either  by  acting  upon 

ture  of  sodium  carbonate,  Na^^CO;,,  with  calcium  hydroxide,  Ca(OH  i;^ 

Sodium  as  previously  described,  or  by  electrolyzing  a  solution  of 

Hydroxide,  sodium  chloride,  NaCl,  as  will  be  described  in  our  con- 
sideration of  the  element  chlorine. 

Potassium,  E,  39.15 

Just  as  sea  plants,  taking  sodium  frbm  the  sea,  may  serve 
as  a  source  of  sodium  salts,  so  the  land  plants  may  be  utilized 
for  the  production  of  potassium  salts.  By  lixiviating  the  ashes  of  land 
plants,  a  solution  is  obtained  which  contains  a  large  amount  of  potassium 
compounds,  chiefly  potassium  carbonate.  The  crude  solution  or  /ir  is 
evaporated,  and  the  resulting  impure  potash  by  recrystallization  gi\"es 
the  white  commercial  pearlash.  This  process  is  largely  carried  on  in 
Russia,  Sweden,  and  America,  the  wood  of  the  elm,  maple,  and  birch 
being  used.  The  refuse  from  the  manufacture  of  sugar  from  the  sugar 
beet  is  also  utihzed  for  the  same  purpose.  By  further  treating  the 
pearlasli,  pure  potassium  carbonate  may  be  produced. 
Potassium  Potassium  carbonate   is   also  made  from  the  potassium 

Carbonate.  chloride,  KCl,  of  the  immense  deposits  of  Stassfiirt,  by  a 
process,  similar  to  the  I^blanc  soda  process,  in  which  the  potassium 
chloride  is  treated  with  sulphuric  acid,  and  the  resulting  potassium  sul- 
phate, K2SO4,  is  heated  with  limestone  and  charcoal,  pure  potassium 
carbonate  being  obtained  from  the  residue. 
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(i)   2KCI  +  H2S04=K2S04  4- 2HCI 

(2)  K2SO4  +  2  C  -h  CaCOa  =  YijCOs  +  CaS  +  2  CO2 

Other  methods,  which  need  not  be  considered  here,  are  also  employed 
in  making  potassium  carbonate  and  other  potassium  salts  from  the  native 
potassium  chloride. 

Potassium  carbonate^  KjCOs,  is  ordinarily  an  anhydrous  white  powder, 
but  crystals  of  the  composition  2K2C03'3H20,  may  be  obtained  by 
evaporation  of  the  concentrated  solution.  It  is  used  in  making  Bohe- 
mian glass.  By  carbon  dioxide  and  water  (in  effect  carbonic  acid, 
H^COs),  i^  is  changed  into  the  crystalline  potassium  hydrogen  carbonate^ 
KHCOj,  which  is  less  soluble  than  the  neutral  carbonate. 

Potassiiim  Potassium  carbonate  is  attacked  by  acids  with  evolution 

Caibonate  of  carbon  dioxide  and  formation  of  soluble  potassium  salts 
an  Acids.  -^  which  potassium  is  the  positive  ion.  Sulphuric  acid 
forms  with  potassium  carbonate,  K^CO^t potassium  sulphate,  K2SO4,  or 
potassium  hydrogen  sulphate,  KHSO4,  according  to  the  proportions  acting. 

A-Io)^=^+^Io^^o=i5rIo^K^o+""^"^"^^o 

Nitric  acid  forms  potassium  nitrate,  KNOg. 

Ar-o>c=o+^_^_^^o=^_o_N^o+H-o-H+c<o 

Hydrochloric  acid  forms  potassium  chloride,  KCl. 

K-O/^^^  ^  H-QX  "  A'-Cl  ■*■  "-^-"  +  ^%0 

Potasainm  When  potassium  carbonate,  K2CO3,  is  treated  with  the 

Hydroxide,  calcium  hydroxide,  Ca(0H)2  insoluble  calcium  carbonate, 
CaCOsjis  precipitated  ^Xi^ potassium  hydroxide,  KOH,  remains  in  solution. 

Jlo>c=o  +  ^^<oIh  =  atIqIh  +  ^^o^^=^ 
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From  this  solution,  decanted  from  the  precipitated  calcium  carbonate 
and  concentrated,  best  in  a  silver  dish  if  in  small  quantities,  a  residue 
may  be  obtained,  which,  poured  into  molds,  cools  to  form  solid  sticks. 

Potassium  hydroxide  is  also  formed  in  solution  when  potassium  is 
thrown  on  water,  hydrogen  being  evolved  in  the  process. 

In  the  electrolytic  decomposition  of  potassium  chloride,  in  which 
chlorine  appears  as  a  negative  ion,  and  potassium  as  a  positive  ion,  the 
liberated  potassium  acts  upon  the  water  to  form  potassium  hydroxide  as 
a  final  product  of  the  electrolysis. 

Potassium  hydroxide^  KOH,  is  a  white,  brittle  solid.  It  is  deliques- 
cent, readily  absorbing  water  from  the  air.  If  left  exposed  to  air  con- 
taining carbon  dioxide,  it  soon  changes  into  potassium  carbonate.  It 
dissolves  in  water  with  great  readiness,  evolving  heat  in  the  process  and 
forming  a  thick  liquid  which  has  a  corrosive  action  upon  the  skin  and 
other  organic  matter.  It  is  the  strongest  of  the  common  bases.  It  is 
used  sometimes  in  making  soft  soap,  but  it  is  important  chiefly  as  a 
chemical  reagent  for  neutralizing  acids,  absorbing  carbon  dioxide,  and 
for  forming  other  hydroxides. 

Potassium  ^y  ^^  CLcHon  of  acids  upon  potassium  hydroxide^  salts  arc 

Hydroxide  formed  in  which  potassium  is  the  positive  ion.  When  sul- 
andAdds.  phuric  acid  acts  upon  potassium  hydroxide,  KOH, 
either  potassium  sulphate^  KjS04,  or  potassium  hydrogen  sulphate^ 
KHSOi)  is  formed. 

^-0-H  "^  H-OrSo  -"  ^-0/^0  ^  H-O-H 

Nitric  acid,  when  allowed  to  act  upon  potassium  hydroxide,  will  form 
potassium  nitrate^  KNO3. 

jg'-O-H  +  ^-0-N^  =  ^-0-N^  +  H-O-H 

And  hydrochloric  acid  in  like  manner  will  form  potassium  chhrUe^ 

KPl 

-«'-0-H  +  ^-Cl  =  A'-Cl  +  H-O-H 

When  carbon  dioxide,  CO2,  dissolved  in  water  (in  effect  carbonic 
acid,  HgCOs),  acts  upon  potassium  hydroxide,  KOH,  potassium 
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carbonate^  K2CO8,  or  potassium  hydrogen  carbonate^  KHCOa,  are 
formed, 

^-O-H  "^  Il-0/^~^  "  J^-O/^^ — ^  "^  H-O-H. 

JT-O-H  +  hIo/^=^  =  hIo/^=^  +  H-O^H 

By  boiling  potassium  hydroxide,  KOH,  with  animal  fats 

**  ^  ■  or  vegetable  oils,  potassium  soaps,  the  so-called  "  soft  soaps," 

are    formed.     The    stearin    in    tallow,    CsH5(Ci8H 3502)3,    thus    yields 

glycerine,  C3H5(OH)8,  and  potassium  stearate,  K(Ci3H8508),  a  soft  soap. 

3  KOH  H-  CaH.CQsHasOOa  =  3  KCCgHa^Oa)  +  C3H,(OH)3 

Potassium  The  common  salts  of  potassium,  which  as  we  have  seen 

Salts.  may  be  made  by  acting  upon  potassium  carbonate  or  potas- 

siunn  hydroxide  with  acids,  are  generally  white  solids,  soluble  in  water, 
and  are  commercial  products  of  importance.. 

JBC— OVg^^O  Potassium  sulphate,  K2SO4,  produced  by  the  action  of  sul- 
^^^/  %^  phuric  acid  in  regulated  amounts  upon  potassium  carbonate 
or  potassium  hydroxide,  is  also  formed  when  sulphuric  acid  acts  in 
proper  amounts  upon  potassium  chloride. 

2  KCl  4-  H2SO4  =  K2SO4  +  2  HCl 

It  crystallizes  from  water,  in  which  it  is  moderately  soluble,  in  anhy- 
drous prisms. 

jj-^OV  ,^  Potassium  hydrogen  sulphate,  KHSO4,  is  formed  when 
H  —  0/^\o  potassium  sulphate  iS'  acted  upon  by  sulphuric  acid. 

K2SO4  +  H2SO4  =  2  KHSO4 

It  is  a  white,  crystalline  salt,  very  soluble  in  water. 

Potassium  nitrate,  KNOs,  which  is  formed  when  nitric 
ic— 0— N^  acid  and  potassium  carbonate  or  potassium  hydroxide  act 
upon  one  another,  has  long  been  known  as  "niter"  or 
"  saltpeter."  It  is  formed  in  the  soil,  by  the  decay  of  nitrogenous  or- 
ganic matter  in  the  presence  of  soluble  potassium  compounds,  under 
proper  condition^  of  heat  and  moisture. 

Potassium  nitrate  crystallizes  in  anhydrous  prisms.  It  gives  a  cool 
sensation  when  tasted.  At  340''  it  fuses,  and  at  higher  temperatures  it 
gives  off  oxygen.     For  this  reason  it  is  a  ready  oxidizer. 
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Hitrifi    ti  ^^*^^  derived  from  feldspar  minerals  contain  potassium 

salts,  and  in  heavily  wooded  districts,  as  well  as  in  regions 
long  inhabited,  the  soil  contains  a  layer  of  finely  divided  humus  — 
derived  from  vegetable  and  animal  refuse.  Such  soils  contain  also  a 
minute  vegetable  organism  —  a  nitrifying  ferment —  which  helps  on  the 
process  of  nitrification.  In  a  hot,  dry  climate  the  niter  so  formed  will 
exude  from  the  surface  of  the  soil,  forming  a  thin,  white  incrustation. 
For  many  years  the  world's  supply  of  the  salt  was  gathered  and  crystal- 
lized from  the  soils  of  inhabited  regions  in  India  and  other  Eastern 
countries.  Niter  is  a  constituent  of  gunpowder,  and  when  the  deraanil 
for  gunpowder  arose,  the  manufacture  of  niter  by  an  artificial  repro- 
duction of  the  natural  process,  in  niter  plantations ^  was  undertaken  in 
Europe.  Compact  heaps  of  decomposing  animal  refuse,  wood  ashes,  and 
plaster  were  protected  from  the  rain  and  left  to  the  action  of  the  air  for 
two  or  three  years,  and  finally  treated  with  water  an<^  potassium  carbonate. 
More  recently  the  German  process,  which  utilizes  the  Stassftirt  de- 
posits of  potassium  chloride  and  the  sodium  nitrate  from  South  America, 
has  superseded  the  old  process.  When  these  two  salts  are  brought 
together  in  solution  under  certain  conditions  of  temperature  and  pres- 
sure, a  metathesis  takes  place.  When  the  mixture  is  cooled,  the  sodium 
chloride  crystallizes  out  and  settles  to  the  bottom  and  the  potassium 
nitrate  solution  can  be  decanted. 

KCl  -f  NaNOs  =  KNO3  +  NaCi 

Potassium  chloride.  KCl,  made  by  the  interaction  of  hv- 
drochloric  acid  and  potassium  carbonate  or  potassium 
hydroxide,  is  found  in  sea  water  and  in  salt  deposits.  The  Stassfiin 
mines,  the  largest  salt  beds  in  the  world,  yield  many  thousands  of  ton= 
of  potassium  chloride  annually.  Potassium  chloride  crystallizes  in  white 
anhydrous  cubes,  easily  soluble  in  water.  It  is  used  in  making  other 
salts  of  potassium.  It  occurs  as  the  mineral  sylvite^  KCl,  and  as  a  con- 
stituent of  carnallite,  MgClg  •  KCl  •  6  H.O. 

Potassium  was  first  prepared  by  Davy,  in  1807,  by  the 
electrolysis  of  potassium  hydroxide. 

il8lS  =  K  +  «-H  +  0=0 

It  may  also  be  made  by  reducing  potassium  carbonate  by  carbon  at 
high  heat.  This  is  the  commercial  method  for  the  production  of  potas- 
sium. The  mixture  of  carbon  and  potassium  carbonate  is  heated  in  an 
iron  retort,  the  resulting  vapors  are  condensed  in  receivers  of  peculiar 
construction,  and  the  metal  is  collected  and  kept  under  petroleum. 
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Potassium  is  a  silvery  white,  lustrous  metal,  very  soft,  of  specific  grav- 
ity 0.87,  melting  at  62°,  and  boiling  at  667®,  forming  a  greenish  vapor 
at  red  heat  It  oxidizes  spontaneously  in  air,  and  burns  when  ignited. 
It  decomposes  water  spontaneously  with  evolution  of  hydrogen,  and  so 
much  heat  is  evolved  in  the  reaction  that  the  gas  inflames. 
Potassium  On  heating  potassium  in  oxygen  a  yellow  mass  is  formed, 
Oxides.  which  is  a  mixture  of  potassium  dioxide^  K^Oi,  and  potas- 

sium tetroxidcy  Yi^O^.  At  high  temperatures  these  oxides  lose  oxygen, 
and  a  white  substance  is  formed,  having  a  composition  approaching  that 
of  potassium  monoxide,  K2O,  though  this  oxide  is  not  known  in  a  state 

of  purity. 

The  potassium  salts  color  the  Bunsen  flame  violet   and 
Spectruni.  ... 

exhibit  in  the  spectroscope  a  characteristic  spectrum  which 

consists  of  two  red  lines  and  a  violet  line. 

In  regard  to  the  potassium  compounds^  we  note  that  the 

SiinnMify. 

potassium  sa/ts,  white  and  soluble^  may  be  made  by  acting 
tifith  (uids  upon  the  commercial  potassium  carbonate^  or  upon  the  strongly 
basic  potassium  hydroxide^  which  may  be  made  by  treating  potassium 
carbonate  with  lime.  Potassium^  formed  by  electrolysis  of  potassium  hy- 
droxide^ combines  with  oxygen  to  form  potassium  dioxide  and  potassium 
tetroxide.  The  potassium  salts  give  in  the  Bunsen  flame  a  violet  color 
and  a  spectrum  consisting  of  two  red  lines  and  a  violet  line. 

Rubidium,  Rb,  85.5 

The  compounds  of  rubidium  are  widely  but  very  sparingly  diffused 
in  rocks,  soils,  and  mineral  waters.  The  mineral  lepidolite  sometimes 
carries  as  much  as  0.5  per  cent,  of  the  element,  and  is  the  material  from 
which  rubidium  salts  are  most  easily  prepared.  From  the  mass  of  alkali 
salts  left  after  treatment  of  the  mineral,  a  pure  rubidium  salt  may  be 
prepared,  by  taking  advantage  of  the  relatively  different  insolubilities  of 
the  chlorplatinates  of  the  alkali  metals,  RgPtClg,  or  of  the  different 
solubilities  of  the  double  sulphates  or  alums,  KAl(S04)2-i2  HjO. 

From  either  of  these  pure  salts  other  compounds  of  rubidium  may 
be  prepared.  From  fused  rubidium  chloride  the  metal  may  be  obtained 
by  electrolysis,  and  by  heating  rubidium  hydroxide  with  magnesium  in 
an  iron  tube  in  an  atmosphere  of  hydrogen,  rubidium  may  be  distilled 
and  collected  under  petroleum. 

Rubidium  is  a  silvery  yellowish  white  metal  of  specific  gravity  1.52  and 
melting  point  38.5**,  easily  oxidized  in  the  air  and  reactive  with  water 
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at  ordinary  temperatures  with  formation  of  hydrogen  and  rubidium 
hydroxide ^  RbOH,  a  base  from  which  many  salts  may  be  prepared  in 
which  rubi<iiiim  acts  as  a  univalent  positive  ion. 

Characteristic  soluble  compounds  of  rubidium  are  the  rubidium  hy- 
//r^;jc///<f,  RbOH ;  rubidium  Moride,RbC\;  rubidium  nitrate^  RbNO,; 
rubidium  sulphate^  Rb2S04;  rubidium  hydrogen  sulphate^  RbHSO^, 
rubidium  carbonate^  RbjCOa.  Some  fairly  insoluble  salts  are  rubidium 
chlorplatinate,  Rb2PtClfl;  rubidium  perchlorate^  RbCl04;  rubidium 
hydrogen  tartrate^  RbHC4H406;  with  which  should  be  mentioned  the 
difficultly  soluble  and  crystaUizable  rubidium  aluminium  su/phate^ 
RbAl (80)4)2  •  12  H2O,  an  alum.  Rubidium  tetroxide,  Rbj04,  which  is 
formed  when  rubidium  burns  in  air,  yields  with  water  rubidium  hydrox- 
ide, RbOH,  corresponding  to  the  unknown  oxide  Rb20. 

Beside  the  compounds  in  which  rubidium  acts  unmistakably  as  a 
univalent  positive  ion,  certain  compounds  of  rubidium,  formed  by 
adding  chlorine,  bromine,  or  iodine,  the  so-called  "  halogens,"  to  solu- 
tions of  the  halogen  salts,  present  interesting  relations.  In  such  com- 
pounds as  RbClBrg,  RbBrg,  RbC^I,  which  suggest  at  first  sight  the 
polyvalence  of  rubidium,  rubidium  may  still  be  regarded  as  univalent ; 
e.g.  RbCl .  ICla,  or  ^^ 


Rb-Cl=Cl-l/|| 

\ci 


Double  halogen  salts  of  rubidium  and  other  metals,  such  as  RbCl« 
SbCls,  RbBr  •  PbBrg,  Rbl  •  TII3  •  2  HjO,  and  many  others  of  greater 
complexity,  are  known. 

Rubidium  salts  give  a  violet  color  in  the  Bunsen  flame,  and  exhibit 
a  spectrum  consisting  of  two  very  characteristic  violet  lines  associated 
with  two  less  prominent  dark  red  lines  lying  near  the  red  line  of 
potassium  and  other  lines  less  important. 

CAESIUM,  Cs,  132.9 

The  compounds  of  caesium  occur  widely  disseminated  with  salts  of 
the  other  alkali  elements  in  rocks,  soil,  and  waters,  but  with  rare  excep- 
tions are  present  in  extremely  small  amounts.  The  rare  mineral  pel- 
iuciie,  a  silicate,  contains  caesium  to  nearly  a  third  of  its  weight,  and 
from  it  pure  caesium  salts  may  be  prepared.  The  addition  of  antimony 
trichloride,  SbCl.,,  to  the  solution  of  alkali  chlorides  obtained  by  treat- 
ment of  pollucite  with  hydrochloric  acid,  effects  the  precipitation  of  the 
double  salt  3  CsCl  •  2  SbClg,  which  may  be  decomposed  by  boiling  with 
dilute  ammonia.  Upon  removal  of  the  insoluble  antimony  trioxide  by 
filtration,  and  the  ammonium  chloride  by  ignition,  caesium  chloride 
remains,  from  which  by  suitable  means  other  compounds  of  csesiam 
may  be  prepared. 
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C(Esium,  best  obtained  by  heating  in  an  iron  tube  a  mixture  of  caesium 
hydroxide  and  magnesium,  is  silvery  white,  the  most  electro-positive  of 
the  nietals,  of  specific  gravity  1.85  and  melting  point  25.6°,  oxidizable 
and  inflammable  in  air  after  short  exposure,  and  reacting  with  water 
at  ordinary  temperatures  forming  hydrogen  and  caesium  hydroxide,  the 
base  of  many  salts  in  which  caesium  acts  as  a  univalent  positive  ion. 

Characteristic  soluble  compounds  of  caesium  are  ccesium  hydroxide, 
CsOH  ;  casium  chloride^  CsCl ;  ccesium  nitrate^  CSNO3 ;  ccesium  sulphate, 
CSSO4;  ccesium  hydrogen  sulphate,  CSHSO4;  and  ccesium  carbonate, 
Cs^COj.  Among  the  fairly  insoluble  salts  are  ccesium  chlorplatinate, 
CsaPtCl^;  the  double  caesium  and  antimony  chloride,  3CsCl*  2  SbClj 
(in  presence  of  sufficient  hydrochloric  acid)  ;  the  double  csesium  and 
lead  chloride,  2  CsCl  •  PbClj ;  and  the  ccesium  aluminium  sulphate, 
CsAl(S04>2  •  1 2  HgO,  an  alum. 

Highly  characteristic  is  the  property  exhibited  by  caesium  salts  of 
the  halogens  to  form  with  free  halogens  many  salts  in  which  caesium 
apparently  shows  a  valence  of  III  or  V,  but  these  compounds  are  in  all 
probability  best  explained  as  salts  of  the  simple  caesium  halogen  salts 
combined  with  complexes  of  the  halogens.  As  types  of  such  salts  may 
be  taken  CsBrg,  Csl^,  CsBrglg.  Complex  double  halogen  salts,  like 
CsCl  -AgCl,  CsBr'PbBr2,  Csl  •  Cdl2  •  HgO,  and  many  others,  have  been 
studied. 

Salts  of  caesium  color  the  Bunsen  flame  violet  with  production  of  a 
spectrum  characterized  by  two  brilliant  blue  lines. 


CHAPTER  V 

PRIMARY  S£RI£S  — GROUP  n 

Glucinum  (Beryllium),  G1,  9.1 
Hagnesium,  Mg,  24.36 

Calcium,  Ca,  40.1 

Strontium,  Sr,  87.6 

Barium,  Ba,  137.4 

Radium,  Ra,  225 

The  elements  of  Group  II  of  the  primary  series,  with  the 
Alkali  Earth  exception  of  the  rare  element  radium,  are  strikingly  similar 
lementB.  ^^  ^^^  another,  and  are  known  as  the  a/ka/t  earth  dementi 
from  their  similarity  to  the  alkali  elements  and  from  the  fact  that  they 
form  earthy  oxides.  They  are  never  found  free,  and  have  only  in  more 
recent  years  been  prepared  from  their  compounds.  They  are  all  lustrous 
metals,  of  relatively  low  specific  gravity,  generally  ductile  and  malleable. 
Glucinum  is  unaffected  by  ordinary  air ;  magnesium  is  oxidized  super- 
ficially in  damp  air ;  calcium,  strontium,  and  barium  oxidize  readily  in 
damp  air,  forming  oxides.  Glucinum  does  not  decompose  water ;  mag- 
nesium decomposes  water  at  high  tenc»peratures ;  and  the  other  metals 
decompose  water  spontaneously  at  ordinary  temperatures,  forming 
hydroxides.  The  oxides  combine  with  water,  forming  hydroxides.  The 
hydroxides  of  the  group  are  all  strong  bases,  which  neutralize  acids 
forming  salts,  and  which  dissociate  when  heated.  The  salts  of  the  group 
are  generally  white  in  color,  and  with  the  exception  of  the  sulphates  anf. 
carbonates,  the  common  salts  are  soluble  in  water.  The  salts  of  calcium, 
strontium,  and  barium  give  characteristic  spectra.  Glucinum,  mag- 
nesium, calcium,  barium,  and  strontium  act  as  strongly  positive  ions  ia 
combination,  and  exhibit  a  valence  of  II. 

Radium,  an  extremely  rare  element,  quite  recently  discovered  and 
never  yet  isolated,  also  appears  as  a  bivalent  positive  ion  in  those  of  its 
salts  which  have  been  investigated. 

50 
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The  compounds  of  the  more  important  elements  of  the 
group  are  found  associated  with  the  alkali  elements  in  the 
mineral  constituents  of  many  rocks  and  in  soils  produced  by  the  weath- 
ering of  rocks.  The  many  varieties  of  limestone,  deposited  as  strata  in 
ancient  sea  beds,  consist  essentially  of  the  mineral  calcite,  CaCOs, 
colored  by  compounds  of  iron  and  other  elements.  Dolomite^  or  **  doio- 
mitic  limestone,"  contains  the  mineral  magnesite,  MgCOs, 
combined  with  calcite.  Marble  is  a  crystalline  rock  consist- 
ing of  calcite,  CaCOs,  either  pure  or  colored  by  compounds  of  iron  and 
other  elements.  Calcium  carbonate  is  also  found  in  deposits  of  chalk, 
in  the  stalactites  and  stalagmites  of  caverns,  and  as  coral  and  shells. 
The  sea  water  and  the  waters  of  many  mineral  springs  contain  the 
chlorides  and  sulphates  of  magnesium  and  of  calcium,  and  by  the  evap- 
oration of  such  waters  these  salts  are  left  behind  in  dry  deposits.  The 
Stassfurt  salt  beds  contain  camallitey  KCl  •  MgCl2  •  6  H2O,  kieserite 
MgS04  •  H2O,  and  anhydrite,  CaS04. 

The  compounds  of  barium  and  strontium  are  found,  associated  more 
or  less  with  magnesium  and  calcium,  in  a  few  minerals.  Strontium  is 
found  in  celestite,  SrS04,  and  strontianite,  SrCO.,,  and  barium  in  barite, 
BaS04  (heavy  spar),  and  witherite,  BaCOa.  Glucinum  occurs  in  the 
complex  mineral  beryl,  6  GIO  •  2  AljjOg  •  1 2  SiOj  •  H^O. 

Radium  compounds  are  found  in  very  minute  quantities  in  certain 
complex  native  compounds  of  uranium. 

Glucinum  (Beryllium),  G1,  9.1 

The  chief  natural  compound  of  glucinum  or  beryllium  is  the  mineral 
beryl,  6  GIO*  2  Al^Oa-  i2Si02-  HjjO,  a  silicate  of  glucinum  and  aluminium. 
By  fusing  finely  pulverized  beryl  with  potassium  fluoride  and  treating  the 
resulting  material  with  sulphuric  acid,  the  silicon  is  volatilized  as  silicon 
fluoride,  and  from  the  solution  of  the  residue  the  larger  part  of  the  alu- 
minium may  be  crystallized  out  as  potassium  aluminium  sulphate,  or  alum, 
KA1( 804)2  •  12  H2O.  PVom  the  residue  the  remainder  of  the  aluminium 
and  traces  of  iron  and  other  foreign  elements  may  be  precij)itated  by 
ammonium  carbonate,  and  from  the  solution,  after  filtering  and  acidulating 
with  hydrochloric  acid,  ammonium  hydroxide  precipitates  glucinum 
hydroxide,  Gl(OH)2,  from  which  many  salts,  in  most  of  which  glucinum 
acts  as  a  bivalent  positive  ion,  may  be  prepared.  From  glucinum  hydrox- 
ide, G1(0H)2,  sodium  hydroxide,  NaOH,  and  hydrofluoric  acid,  HF,  a 
double  fluoride  of  glucinum  and  sodium,  NaF  •  GIF2,  may  be  prepared, 
which  upon  electrolysis  yields  elementary  glucinum. 
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Glucinum  is  a  white,  ductile  metal  of  specific  gravity  1.8,  resisting 
oxidation  in  the  air  at  ordinary  temperatures  and  without  action  upjn 
water  even  at  the  boiling  temperature,  attacked  readily  by  hydrochloric 
acid  forming  glucinum  chloride^  GICI2,  and  in  solution  by  sulphuric  acid, 
forming  glucinum  sulphate^  GISO4,  and  also  attacked  by  sodium  hydroxide 
and  by  potassium  hydroxide,  with  evolution  of  hydrogen. 

'Glucinum  oxide ^  GIO,  the  only  known  oxide  of  glucinum,  is  a  white 
powder  obtained  by  \gxi\xSxig glucinum  hydroxide^  Gl(OH)s,  but  difficultly 
acted  upon  by  acids  after  ignition. 

Glucinum  hydroxide^  G1(0H)2,  white  and  gelatinous,  is  precipitated 
by  ammonium  hydroxide  from  solutions  of  salts  in  which  glucinum  is  the 
positive  ion,  and  by  dilution  and  boiling  from  solutions  in  which  glucinum 
is  the  negative  ion,  as  in  the  solutions  obtained  by  acting  upon  the  metal 
or  the  hydroxide  with  sodium  hydroxide  or  potassium  hydroxide. 

Glucinum  chloride^  GlClj,  sublimed  in  white  needles  when  glucinum 
oxide  is  ignited  with  carbon  in  a  current  of  chlorine,  dissolves  in  water, 
and  upon  evaporating  the  solution,  crystals  are  obtained  of  the  hydrous 
glucinum  chloride,  GICI2  •  4  H2O,  which  is  also  obtained  by  dissoKing 
glucinum  hydroxide  in  hydrochloric  acid.  This  salt  is,  however,  decom- 
posed hydrolytically  with  evolution  of  hydrogen  chloride  if  the  attempt 
be  made  to  render  it  anhydrous  by  heating. 

Glucinum  sulphate^  GISO4,  crystallizes  from  water  as  G1S04  -  7  HjO 
or  GISO4  •  4  H^O,  which  leaves  GISO4  •  2  H2O  at  105**,  and  at  250°— 260° 
forms  the  anhydrous  salt,  GISO4. 

Glucinum  carbonate,  GlCOa  •  4  H2O,  forms  in  colorless  crystals  when 
glucinum  hydroxide,  Gl(OH)2,  suspended  in  water,  is  treated  with  an  ex- 
cess of  carbon  dioxide,  and  the  solution  evaporated  over  sulphuric  acid 
in  an  atmosphere  of  carbon  dioxide.  On  exposure,  carbon  dioxide 
escapes,  and  a  basic  carbonate  is  formed;  and  a  basic  carbonate 
2  G1(0H)2  •  GICO3  •  3  H2O  is  precipitated  when  the  solution  of  a  gluci- 
num salt  is  treated  with  an  alkali  carbonate  and  boiled.  Glucinum 
shows  a  strong  tendency  to  form  under  favorable  conditions  other  basic 
salts,  for  example,  basic  sulphates  and  basic  nitrates. 

The  salts  of  glucinum  have  a  sweet  taste,  which  suggested  the  name  of 
the  element. 


Magnesium,  Mg,  24.36 

Magnesiom  We  may  commence  the  study  of  the  magnesium  com- 
Carbonate.  pounds  with  magnesium  carbonate,  MgCOs,  the  principal 
native  compound  of  magnesium,  which  in  its  compact  native  form  is 
insoluble  in  water,  but  may  be  attacked  by  fairly  concentrated  acids. 

Both  basic  carbonates  and  acidic  carbonates  of  magnesium,  more 
readily  acted  upon  by  acids,  may  be  formed  as  precipitates.     When  to 
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a  solution  of  a  magnesium  salt  a  soluble  carbonate,  such  as  sodium  car- 
bonate, NagCOa,  is  added,  a  precipitate  is  formed  which  varies  in  com- 
position according  to  the  temperatures  and  conditions  of  action.  The 
neutral  magnesium  carbonate,  MgCOs,  containing  water  of  crystalliza- 
tion, may  be  precipitated  at  low  temperatures,  while  at  high  tempera- 
tures carbon  dioxide  escapes  and  a  basic  carbonate  is  formed.  One  of 
the  basic  magnesium  carbonates  which  may  thus  be  prepared  by  precipi- 
tation and  drying  is  the  magnesia  alba  of  medicine,  and  has  the  com- 
position Mg4(OH)2(C03)3  •  4  HjO.  Both  the  neutral  and  the  basic 
carbonates  of  magnesium  are  acted  upon  by  an  excess  of  carbon  diox- 
ide, forming  a  solution  of  an  acidic  magnesium  carbonate,  MgHi(C08)j, 
which  is  used  in  medicine  under  the  name  oi  fluid  magnesia ^  and  from 
which,  by  s]3ontaneous  loss  of  carbon  dioxide,  the  crystallized  neutral 
carbonates,  MgCOg-  3  H2O  and  MgCO.,*  5  H^O,  may  be  obtained. 
Maenesium  ^^  magnesium  carbonates  are  acted  upon  by  acids  with 

Carbonates  evolution  of  carbon  dioxide  and  formation  of  salts  in  which 
and  Acids.  magnesium  is  the  positiiie  ion.  Thus,  when  magnesium 
carbonate,  MgCOs,  is  acted  upon  by  sulphuric  acid,  carbon  dioxide 
escapes,  and  magnesium  sulphate,  MgS04,  is  produced  in  solution. 

When  the  magnesium  carbonate  is  decomposed  by  nitric  acid,  mag- 
nesium nitrate,  Mg(N03)i,  is  formed  in  solution. 

When  hydrochloric  acid  is  employed  to  effect  the  decomposition, 
tnagnesium  chloride,  MgClj,  is  obtained  in  solution. 

Haenesinm  When  magnesium  carbonate,  MgCO.,,  is  heated  to 
Oxide  and  300°,  it  loses  carbon  dioxide,  and  a  residue  remains  of  white 
Hydroxide,  magnesium  oxide ^  MgO  (magnesia),  which  may  be  either  light 
and  feathery,  or  heavy  and  compact,  according  to  the  mode  of  prepara- 

Mg<(g>C=0  =  Mg=0  +  C^ 
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The  basic  magnesium  carbonates  decompose  in  a  similar  manner 
when  heated,  carbon  dioxide  and  water  being  evolved,  and  a  residue  of 
magnesium  oxide  being  left  behind.  Magnesium  oxide  is  very  infus- 
ible, and  glows  brightly  when  heated. 

Magnesium  oxide,  MgO,  combines  with  water  more  or  less  rapidly, 
according  to  the  degree  of  ignition  employed  in  its  preparation,  forming 
white  anhydrous  magnesium  hydroxide ,  Mg(OH)2,  which  is  slightly  solu- 
ble in  water,  and  acts  as  a  base. 

Mg=0  +  H-O-H  =  Mg<^g::JJ 

Magnesium  hydroxide  may  also  be  formed  as  a  precipitate  by  adding 
a  soluble  hydroxide  to  a  solution  of  a  magnesium  salt.  When  gently 
heated,  magnesium  hydroxide  decomposes  into  magnesium  oxide  and 
water.  It  will  absorb  carbon  dioxide  from  the  air,  forming  a  mag- 
nesium carbonate.     It  occurs  native  as  the  mineral  brucite. 

Magnesium  oxide  may  be  acted  upon  by  acids  with  formation  of  mag- 
nesium salts.  By  the  action  of  sulphuric  acid  upon  magnesium 
oxide  we  obtain  magnesium  sulphate,  MgS04. 

If  we  use  nitric  acid,  we  obtain  magnesium  nitrate,  Mg(N03)i. 

If  hydrochloric  acid  is  employed,  magnesium  chloride,  MgCls,  is 
obtained.  tt    pt  ypi 

Mg=0  +  ]J_ci  =  ^Kci  +  H-O-H 

Magnesium  hydroxide  also  neutralizes  acids  to  form  corresponding  salt-? 
Soluble  ^y  ^^^  action  of  the  common  acids  upon  magnesium  car- 

Magnesium  bonate,  magnesium  hydroxide,  magnesium  oxide,  or  magne- 
Saltfl.  sium,  salts  of  magnesium  are  formed,  which  are •  generally 

white  in  color  and  soluble  in  water. 

<0>s^  y^  Magnesium  sulphate,  MgSO^,  which,  as  we  have  seen,  may 
0/  \0  be  formed  by  the  action  of  sulphuric  acid  upon  magnesium 
carbonate  or  hydroxide  or  oxide,  and,  as  will  appear  later,  can  also  be 
made  by  the  action  of  the  same  acid  upon  magnesium,  may  be  obtained 
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from  its  solution  by  spontaneous  evaporation  at  ordinsCry  temperature. 
It  forms  colorless  rhombic  crystals  of  the  composition  MgS04  •  7  HjO. 
These  crystals  have  a  bitter  salty  taste  and  are  used  in  medicine  under 
the  name  Epsom  salts.  The  proportionate  amount  of  water  held  in 
the  crystals  varies  with  the  temperature,  the  composition  of  the  salt 
at  70**  being  MgS04  •  7  HgO,  while  at  0°  it  is  MgS04  •  12  HjO,  and  at 
150°  MgS04  •  H2O.  At  200°  it  is  anhydrous.  It  is  found  in  mineral 
springs  and  in  sea  water,  and  in  the  Stassfurt  deposits  as  the  mineral 
kieserite. 

y^.        Magnesium  nitrate ^  Mg(N03)2,  may  be  obtained  as  a 

<        \o    colorless  deliquescent  substance  by  the  action  of  nitric 
Q_ll^    acid    upon    magnesium    carbonate,  or    oxide,   or   upon 
^      magnesium. 
/C\       Magnesium  chloride ,  MgClj,  formed  by  the  action  of  hydro- 
\Cl  chloric  acid  upon  magnesium  carbonate  or  magnesium  hydroxide 
or  oxide,  or  upon  magnesium,  may  be  recovered  from  its  solutions  as 
colorless  deliquescent  crystals  having  the  composition  MgClj  •  6  HgO. 
When  these  are  heated,  part  of  the  water  of  crystallization  is  removed, 
and  the  remaining  water  causes  the  hydrolysis  of  some  of  the  magnesium 
chloride. 

Mg<(^[  +  H-O-H  =  Mg=0  +  hIcI 

Magnesium  chloride  forms  many  double  salts  with  other  com- 
pounds, and  from  the  double  salt  ammonium  magnesium  chloride, 
MgCla*  NH4CI  •  6  HoO,  anhydrous  magnesium  chloride  may  be  obtained 
by  ignition.  Magnesium  chloride  is  found  in  mineral  springs  and  in 
sea  water,  in  which  it  constitutes  one  sixth  of  the  dissolved  solid  matter. 
At  Stassfurt  it  occurs  as  a  constituent  of  carnallite,  MgClj*  KCl  •  6  HjO. 
It  is  a  common  impurity  in  natural  sodium  chloride  (salt),  where  it  is 
deleterious  because  of  its  hygroscopic  properties. 

Magnesium  may  be  prepared  by  the  electrolysis  of  magne- 
Ujiedosiiuii. 

sium  chloride.     When  fused  magnesium  chloride,  MgCl,,  or 

camallite,  MgClj  •  KCl  •  6  H^O,  is  subjected  to  electrolysis,  dissociation 

takes  place,  and  magnesium  is  liberated. 

Mg<^g  =  Mg  +  Cl-Cl 

A  similar  liberation  of  magnesium  takes  place  when  magnesium  chloride. 
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best  when  mixed  with  a  chloride  of  an  alkali  element,  or  when  in  a 
double  chloride,  is  heated  with  sodium. 

M«/C1    ,    Na        „„    ,    Na-Cl 
^S^ci  +  Na  =  ^g  +  Na~Cl 

Magnesium  is  a  brilliant  white  metal.  It  is  hard,  and  both  malleable 
and  ductile.  It  has  a  specific  gravity  of  1.74.  It  melts  at  about  7oo^ 
It  scarcely  oxidizes  at  all  in  the  air  at  ordinary  temperatures,  but  when 
ignited  it  burns,  emitting  an  extremely  brilliant  white  light,  useful  in 
photography  and  in  fireworks.  Its  strong  affinity  for  oxygen  makes  it  a 
valuable  reducer  for  some  oxides  and  acids.  It  slowly  decomposes 
boiling  water,  forming  the  insoluble  hydroxide  which  tends  to  incrust 
the  magnesium  and  thus  stop  the  action. 

Magnesium  is  readily  acted  upon  by  dilute  acids  with  the  formation 
of  the  corresponding  magnesium  salts.  When,  for  example,  a  piece  of 
magnesium  ribbon  is  acted  upon  by  dilute  sulphuric  acid,  magne- 
sium sulphate  is  produced  in  solution,  while  hydrogen  is  liberated 

«« +  £8X8  =  <CX8  +  «-H 

When,  however,  magnesium  reacts  with  dilute  nitric  acid,  the 
higher  oxides  of  nitrogen,  of  dark  color  and  characteristic  odor,  are 
given  off,  and  magnesium  nitrate  remains  dissolved. 


Mg  +  4^-0-N<g  =  J/^^^^^ 


../A 


It  should  be  noticed  that  although  in  many  cases  hydrogen  is  evolved 
by  the  action  of  an  acid  upon  a  metal,  in  the  case  of  nitric  acid  the 
hydrogen,  when  set  free,  immediately  accomplishes  the  decomposition 
of  some  of  the  excess  of  nitric  acid  present,  forming  water  and  liberating 
nitrogen  oxides.  Only  in  very  rare  cases  is  hydrogen  evolved  in  the 
action  of  nitric  acid  upon  a  metal. 

Hydrochloric  acid  readily  acts  upon  magnesium,  forming  mag- 
nesium chloride  and  liberating  hydrogen. 

i^-CI        .,  /CI 


Mg  +  hZcx  =  ^Kci  +  »-H 
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Insoluble  The  formation  of  certain  insoluble  magnesium  compounds 

Magnesium  as  precipitates  furnishes  a  ready  means  for  the  identification 
Compounds.  ^  magnesium  compounds  in  solution.  For  example,  when 
we  add  to  a  solution  of  a  magnesium  compound  such  as  magnesium 
sulphate,  MgS04,  a  soluble  hydroxide,  such  as  sodium  hydroxide, 
NaOH,  we  get  a  white  gelatinous  mass  of  magnesium  hydroxide^ 
Mg(OH)^ 

The  precipitate  is  attacked  by  ammonium  salts,  forming  double  salts 
of  ammonium  and  magnesium.  Thus,  ammonium  chloride,  NH4CI, 
acts  upon  the  precipitate,  forming  MgCla*  2  (NH4)Cl. 

Mg(OH)j  +  4  (NH4)C1  =  MgCla-  2  (NH4)C1  +  2  NH^OH 

For  this  reason  it  is  evident  that  in  case  ammonium  hydroxide,  NH4OH, 
is  used  to  form  magnesium  hydroxide,  Mg(OH)^  the  precipitation  will 
be  only  partial  since  the  reaction  is  reversible. 

When  to  a  solution  of  magnesium  sulphate  a  soluble 

J'g  <  Q  carbonate  is  added,  such  as  sodiumcarbonate,  Na^COs, 

jj  ^0       ~    a  white  precipitate  of  a  magnesium  carbonate  is  produced, 

^>C=0  *^c  composition  of  which  depends  upon  the  proportions 

Mg<  of  the  reagents  and  the  temperature  under  which  the  action 

takes  place.  The  basic  mag/iesium  carbonate  precipitated 
from  boiling  solutions,  Mg3(OH)2(C03)2,  may  serve  as  a  type  of  simi- 
lar salts. 

3  MgS04  +  3  Na^COs  +  H2O  =  Mg3(0H)2(C08)s  +  3  Na2S04  +  CO, 

If  ammonium  carbonate,  (N  114)2003,  instead  of  sodium  carbonate, 
is  added  to  the  solution  of  a  magnesium  salt,  the  precipitation  is  only 
partial,  and  if  ammonium  chloride,  NH4CI,  be  also  present  in  sufficient 
amount,  no  precipitation  takes  place,  a  soluble  double  salt  of  magnesium 
and  "  ammonium  "  being  formed  in  both  cases. 

The  precipitated  basic  magnesium  carbonate,  Mg8(OH)2(C03)2, 
is  readily  acted  upon  by  dilute  acids  with  the  liberation  of  carbon  dioxide 
and  the  formation  in  solution  of  a  magnesium  salt  of  the  aQid  employed. 
Thus,  sulphuric  acid  will  form  magnesium  sulphate  in  solution. 

M&(0H),(C03)2  +  3  H3SO4  =  3  MgS04  +  4  HaO  +  2  CO, 
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The  basic  magnesium  carbonate,  Mg8(OH)2(COs)L2,  is  readily  decom- 
posed by  heat,  with  the  liberation  of  carbon  dioxide  and  the  formation 
of  a  residue  of  magnesium  oxide  which  remains  unaffected  by  further 
heating  and  which  gives  rise  to  no  effervescence  with  acids. 

Mg3(OH)2(C03)2  =  3  MgO  -f  H^O  +  2  CO, 

^(K  The  magnesium  phosphates  maybe  readily  formed  from 

^/^^^  solutions  of  magnesium  salts.     Thus,  the  common  sodium 
^~  phosphate,    Na2HP04,   will    give    magnesium   phosphate, 

Mg3(P04)2,  a  white  flocculent  precipitate  not  particularly  characteristic 
in  appearance.  We  may,  however,  get  a  finely  crystalline  characteristic 
white  precipitate  of  ammonium  magnesium  phosphate,  NH4MgPC\,  by 
adding  to  a  dilute  solution  of  magnesium  sulphate  a  solution  of 
ammonium  chloride,  NH4CI,  in  excess,  to  prevent  the  subsequent 
precipitation  of  magnesium  hydroxide;  then  ammonium  hydrox- 
ide, NH4OH,  in  excess;  and  finally  disodium  hydrogen  phos- 
phate, Na2HP04,  or  sodium  ammonium  hydrogen  phosphate, 
Na(NH4)HP04  (microcosmic  salt),  drop  by  drop  with  constant  stirring, 
until  the  reagent  is  present  in  excess,  and  the  precipitation,  which 
proceeds  somewhat  slowly,  stops  altogether. 

MgS04  +  Na^HP04  +  NH4OH  =  Mg(NH4)P04  +  Na^SO*  +  HjO 

The  precipitate  is  slightly  soluble  in  water,  but  unacted  upon  by 
ammonium  hydroxide.  It  is  readily  acted  upon  by  ordinary  acids,  and 
from  the  solutions  thus  formed  it  may  be  reprecipitated  by  the  addition 
of  ammonium  hydroxide.  Thus,  it  is  acted  upon  by  sulphuric  acid 
with  the  formation  of  magnesium  sulphate,  and  ammonium  sulphate. 
(N  114)2804,  in  solution,  and  phosphoric  acid,  H8PO4,  which  also  remains 
dissolved. 

2  Mg(NH4)P04  +  3  H2SO4  =  2  MgS04  +  (NH4)2S04  -f  2  U^VO, 

When  ammonium  hydroxide,  NH4OH,  is  added  to  the  solution  thus 
obtained,  the  ammonium  magnesium  phosphate  is  again  precipitated. 

By  the  action  of  the  common  acids  upon  the  nafriY  ??•* 

Summary,  "  •'    _  -^ 

precipitated  magnesium  carbonates^  or  upon  magnesium 
oxide,  magnesium  hydroxide,  or  magnesium,  soluble  sa/ts  may  be  formfJ. 
Magnesium  carbonate  and  magnesium  hydroxide  decompose  on  heating, 
forming  magnesium  oxide.     Magnesium  is  formed  by  the  electrolysis  cy 
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fused  magnesium  chloride,  and  is  acted  upon  by  acids  with  formation 
of  magnesium  salts.  Magnesium  hydroxide^  basic  magnesium  carbonates, 
and  magnesium  ammonium  phosphate  may  be  formed  as  characteristic 
tvhite  precipitates. 

Calcium,  Ca,  40.1 

Caldnm  We  may  commence  our  study  of  the  calcium  compounds 

Carbonate,  ^j^j^  ^j^g  commonly  occurring  calcium  carbonate,  CaCOa, 
from  which  the  other  calcium  compounds  may  be  obtained. 

Calcium  carbonate,  CaCOg,  occurs  commonly  in  pure  condition  as  the 
crystallized  minerals  calcite  and  aragonite,  and  in  impure  forms  as  the 
soft  seashells,  coral,  and  chalk,  and  the  hard,  massive  limestones  and 
marbles.  It  is  a  white  solid  insoluble  in  water,  acted  upon  by  water 
charged  with  carbon  dioxide,  and  readily  attacked  by  dilute  acids.  It 
may  be  formed  as  a  precipitate  by  adding  a  suitable  reagent  to  a  solution 
of  a  calcium  compound. 

Calcium  Calcium  carbonate  is  acted  upon  by  suitable  acids  with 

Carbonate  formation  of  corresponding  salts  in  which  calcium  is  a  posi- 
and  Acids.  tive  ion.  If  we  act  upon  calcium  carbonate,  CaCOs,  with 
dilute  sulphuric  acid,  there  will  be  an  effervescence  of  carbon  dioxide, 
CO2,  and  a  residue  of  white  calcium  sulphate,  CaS04,  sparingly  soluble 
in  water,  will  be  left  behind.  The  action  will  proceed  slowly  because 
the  calcium  sulphate  is  deposited  as  a  coating  on  the  calcium  carbonate 
and  tends  to  prevent  the  contact  of  the  two  reacting  substances. 

C<g>C=0  +  f  :g>S<g  -  C<g>S<g  +  H-O-H  +  C<8 

If  we  act  similarly  with  dilute  nitric  acid,  calcium  nitrate,  Ca(N03)2, 
will  remain  dissolved  in  the  solution. 

If  we  use  hydrochloric  acid,  we  shall  get  calcium  chloride,  CaClj,  in 
solution. 

C<g>C=0  +  fig  =  C<g  +  H-O-H  +  C<g 


6o 
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Calclnm 
Oxide  and 
Hydroxide. 


When  calcium  carbonate  is  acted  upon  by  carbon  dioxide, 
COj,  dissolved  in  water,  in  effect  carbonic  acid,  HjCOj,  caldum 
hydrogen  carbonate ^  C^.Hi{QO^^  is  formed  in  solution. 

c<8>c=o  +  JflO>c=o-c<^-° 

This  solution  loses  carbon  dioxide  spontaneously  on  standing,  and  more 
rapidly  on  heating,  with  the  formation  and  deposition  of  the  insoluble 
calcium  carbonate. 

H  —  ^\p r\ 

When  calcium  carbonate  is  heated  to  redness,  it  dissoci- 
ates, carbon  dioxide,  CO2,  being  evolved  and  a  residue  of 
calcium  oxide,  CaO,  or  quicklime,  being  left  behind. 

Ca<(g)>C=0  =  Ca=0  +  C^^ 

In  a  closed  space  this  reaction  may  be  incomplete  and  reversible. 

CaCOsT^  CaO + COj 

The   conditions    of  equilibrium    depending   upon  temperature   and 
pressure,  between  the  solid  phase  CaO,  the  gaseous  phase  COj,  and 

the  solid  phase  CaCO.,,  made  up  of 
the  components  CaO  and  COi,  are 
shown  qualitatively  in  the  diagram. 
For  temperatures  and  pressures  rep- 
resented by  individual  points  below 
the  line  AB,  the  two  phases  CaO 
and  CO2  exist  in  equilibrium;  for 
temperatures  and  pressures  repre- 
sented by  single  points  above  the 
line  AB  the  two  phases  CaCOj  and 
CaO,  or  the  two  phases  CaCOj  and 
CO.,  may  exist  in  equilibrium :  whilt 

TEMPERATURE  "  ''  .     ^      .         ^i  i«  >  r> 

every  pomt   m   the   Ime  AB  repre- 

Fio  9. -Equilibrium  of  Calcium  Oxide.     ^^^^^  ^  temperature  and  a  pressure 

Carbon   Dioxide,  and  Calcium  Car-  ^  i  •   i_     ^i_        *.i_  \^  r^  r\ 

bonate(;>,and/2  represent  the  phases  ^^r    whlch     the     three     phaSCS  CaO, 

CaO  and  CO2  respectively;  ^8  repre-  COj,    and    CaCQs   may   bc    ID  Cqui- 

sents  the  phase  CaCOa).  Hbrium. 
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Calcium  oxide  is  a  grayish  white,  non- crystalline  solid,  extremely 
infusible.  It  has  been  melted  at  3000°,  and  vaporized  at  a  higher 
temperature.  In  the  oxyhydrogen  flame  it  emits  an  intense  white  light 
which  has  been  largely  employed  for  illuminating  purposes  as  the  so- 
called  "calcium  light." 

In  the  air,  calcium  oxide  attracts  moisture  gradually,  breaking  down 
into  a  voluminous  white  powder  which  is  calcium  hydroxide^  Ca(OH)j, 
known  ordinarily  as  slaked  lime.  When  water  is  added  directly  to 
calcium  oxide,  CaO,  the  two  substances  combine  with  the  evolution 
of  a  great  deal  of  heat. 

Ca=0  +  H-O-H  =  Ca<(o-H 

When  calcium  hydroxide,  in  dry  condition,  is  heated  to  redness,  it 
dissociates,  a  residue  of  calcium  oxide  being  left  behind. 

Calcium  hydroxide  shows  strongly  basic  properties.  It  is  sparingly 
soluble  in  water.  Its  solution,  known  as  limewater^  is  used  in  medicine 
to  neutralize  weak  acids.  The  white  emulsion,  consisting  of  fine  parti- 
cles of  slaked  lime  held  in  suspension  in  water,  is  known  as  milk  of 
lime. 

When  calcium  hydroxide  is  exposed  to  ordinary  air,  it  slowly  absorbs 
carbon  dioxide,  forming  insoluble  calcium  carbonate,  ^^ihen  calcium 
oxide  is  exposed  to  moist  air,  it  first  absorbs  .water,  with  the  formation 
of  calcium  hydroxide,  and  then  it  gradually  turns  into  calcium  carbo- 
nate. Advantage  is  taken  of  this  property  of  calcium  oxide  in  making 
mortars  and  cements. 

Calcium  Calcium  hydroxide^  made  by  combining  calcium  oxide  with 

Hydroxide  water ^  is  readily  neutralized  by  acids ^  witli  formation  of  the 
and  Acids.  corresponding  calcium  salts.  Thus,  by  acting  upon  the 
somewhat  soluble  calcium  hydroxide,  Ca(OH)jj,  with  sulphuric 
acid,  the  sparingly  soluble  calcium  sulphate,  CaS04,  is  formed. 

^  /0-H  ^  i7-OV/0  _  /^^/OV/0   ,    H-O-H 


In  a  similar  manner,  nitric  acid  gives  soluble  calcium  nitrate,  Ca(N03)2. 

+  H-O-H 


,  yO-H    ,   -^"^""^^O  _  ry^"^^^    .    H-O-H 

"NO-H    "*■      „        ^  XT^O    "     ^"N^         XT^O 


n-o-^Q        -o-nC- 
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Hydrochloric  acid  forms  calcium  chloride,  CaClj. 

^  /0-H    .   ^-Cl  _  /^  /CI   ,    H-O-H 

Carbonic  acid,  H2CO3,  forms  calcium  carbonate,  CaCOj.  Thus, 
when  a  current  of  carbon  dioxide/COj,  is  passed  through  a  solution 
of  calcium  hydroxide,  a  white  precipitate  of  calcium  carbonate, 
CaCOa,  is  formed. 

^Ko-H  +  ^O  =  Ca<^8^=0  +  H-O-H 

The  same  reaction  takes  place 'when  limewater  is  exposed  to  air  con- 
taining carbon  dioxide,  the  calcium  carbonate  forming  an  incrustaiion 
on  the  surface  of  the  limewater ;  so,  when  air  charged  with  carbon 
dioxide,  such  as  air  forced  out  from  the  lungs,  is  passed  into  limewater, 
the  precipitation  causes  the  well-known  turbidity  that  is  commonly  taken 
as  an  indication  of  the  presence  of  carbon  dioxide. 

Natural  An  excess  of  carbon  dioxide,  in  solution,  acts  upon  the 

Waten  and  precipitated  calcium  carbonate  to  form  calcium  hydrogen 
Limestone,      carbonate,  CaHo(COa)2,  in  solution. 

CaC03+CO,+ H20=CaH2(C03)s 

When  to  a  solution  containing  the  calcium  hydrogen  carbonate  an  ex- 
cess of  calcium  hydroxide  is  added,  a  precipitate  of  calcium  carbonate 
is  formed, 

CaH2(C0,)2-f  Ca(OH)a=2  CaC03+2  HjO 

and  if  the  solution  of  calcium  hydrogen  carbonate  is  heated,  calciom 
carbonate  is  deposited. 

CaH  XCO^s = CaCOa  +  H2O  -|-  CO2 

The  action  of  carbon  dioxide  in  natural  waters  upon  limestones  sotn^ 
times  produces*  underground  passages  and  caverns,  which  often  occur 
extensively  in  limestone  regions.  With  the  calcium  hydrogen  carbonate 
thus  formed  in  solution,  ordinary  soap  reacts  with  the  formation  of  a 
sticky  insoluble  calcium  soap,  and  loses  its  cleansing  properties.  Such 
"  hard  "  waters  are  called  "  temporarily  hard  "  because  they  may  be 
softened  by  the  addition  of  a  measured  quantity  of  slaked  lime,  causing 
the  precipitation  of  calcium  carbonate,  or  by  simply  boiling  the  water 
until  the  soluble  acidic  carbonate  is  converted  to  the  insoluble  neutral 
carbonate,  which  may  be  settled  out,  leaving  clear  water.  The  precipi- 
tation of  calcium  carbonate  from  hard  waters  shows  how  "boiler  scale* 
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is  formed  in  vessels  in  which  such  water  is  kept  boiling.  When  waters 
containing  calcium  hydrogen  carbonate  evaporate  slowly,  calcium  car- 
bonate is  deposited  in  crystalline  condition.  This  is  the  way  in  which 
such  waters,  penetrating  the  roofs  of  underground  caverns,  and  dropping 
and  evaporating,  form  the  pendent  stalactites,  and  build  up  stalagmites 
from  the  floors.  Some  underground  mineral  waters  upon  coming  to 
the  surface  deposit  limestone  by  a  similar  process. 

Soluble  Cal-  ^^  common  calcium  salts ^  made  by  the  action  of  acids  upon 
cium  Salts,  calcium  carbonate  or  calcium  hydroxide^  are  generally  white 
solids,  soluble  in  water, 

Ca/^\fs^  CV7/if/«/«  sulphate,  CaSO^,  as  we  have  observed,  may  be 
^0/^0  made  by  acting  upon  calcium  carbonate  or  calcium  oxide 
with  sulphuric  acid.  It  is  a  white  solid  only  moderately  soluble  in  water. 
It  occurs  naturally  at  Stassfurt  as  the  crystallized  mineral  anhydrite, 
having  the  composition  CaS04 ;  but  its  more  abundant  forms  are  the 
coarsely  crystallized  gypsum  and  the  finely  crystalline  alabaster,  which, 
like  the  ordinarily  precipitated  calcium  sulphate,  have  the  composition 
CaS04  •  2  H2O.  Gypsum,  like  limestone,  occurs  in  vast  quantities  as  one 
of  the  rocks  of  the  earth's  crust.  When  gypsum  is  heated  to  110°,  it 
loses  water,  and  the  nearly  anhydrous  residue  is  known  as  "  burnt  gyp- 
sum "  or  plaster  of  Paris,  When  the  residue  is  powdered  and  made 
into  a  pasty  mass  with  water,  it  soon  recom bines  with  water,  hardening 
into  solid  rock.  Because  of  this  property  gypsum  is  of  value  in  making 
casts  and  moldings,  and  in  coating  or  kalsomining  the  walls  of  rooms. 
If  the  gypsum  is  heated  above  160°,  however,  and  made  completely 
anhydrous,  it  will  not  recombine  with  water.  Waters  containing  gypsum 
in  solution  are  known  as  "permanently  hard"  waters,  and  can  be 
softened  only  by  removing  the  water  from  the  gypsum  by  distillation,  or 
by  adding  some  substance,  such  as  sodium  carbonate,  which  will  form 
from  the  gypsum  an  insoluble  compound.  Gypsum  is  sometimes  ap- 
plied to  soils  to  improve  their  fertility. 

Calcium  nitrate,  Ca(N03)2,  made  by  the  action  of  nitric 

/O  — n/q  acid  upon  calcium  carbonate  or  calcium  oxide,  is  a  white 

\q_Ij/0  solid.     The  anhydrous   form   is  deliquescent.     When   re- 

^    covered  from  solution  by  evaporation,  the  salt  crystallizes 

in  prisms  of  the  composition  Ca(N08)2  •  4  HgO.    It  is  somewhat  similar 

in  its  properties  to  sodium  nitrate  and  to  potassium  nitrate,  and  like 

these  compounds  may  be  produced  in  "  niter  plantations  "  by  the  decay 
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of  nitrogenous  matter  under  suitable  conditions.  Potassium  nitrate  was 
formerly  made  by  treating  such  artificial  calcium  nitrate  with  potassium 
carbonate  made  from  wood  ashes. 

<Cl  Calcium  chloride^  CaCl2,  may  be  made  by  acting  upon 

CI  calcium  carbonate  or  calcium  oxide  with  hydrochloric  acid. 
It  may  be  recovered  from  solution  in  large  transparent  prisms  which  havt 
the  composition  CaCl2  •  6  H2O.  These  deliquesce  when  exposed  to  air, 
and  when  heated  melt  in  their  water  of  crystallization.  At  200°  the 
crystals  lose  two  thirds  of  the  water,  becoming  CaCl2  •  2  HvO,  and  at 
higher  temperatures  they  form  a  white  porous  anhydrous  mass.  The 
fused  calcium  chloride  is  exceedingly  hygroscopic,  rapidly  taking  up 
water  from  the  air,  combining  with  the  maximum  of  water,  and  finally 
dissolving  in  a  thick,  sirupy  liquid.  This  property  of  fused  calcium 
chloride  makes  it  exceedingly  valuable  as  a  dryer  or  desiccator  for  many 
gases  and  liquids  ;  but  since  the  fused  chloride  absorbs  ammonia,  form- 
ing a  double  salt,  CaCl2'  8  NHg,  it  cannot  be  used  to  dry  ammonia. 
The  crystallized  calcium  chloride  dissolves  in  water  with  great  readiness, 
at  the  same  time  lowering  its  temperature.  It  is  useful  in  making 
freezing  mixtures  with  snow  or  ice.  Calcium  qhloride  occurs  in  min- 
eral springs  and  in  sea  water. 

Insoluble  ^^^  formation  of  some  insoluble  calcium  compounds  as 

Calcium  precipitates  furnishes  a  ready  means  for  identifying  calcium 
Compoundfl.    compounds  in  solution. 

For  example,  when  a  soluble  hydroxide,  such  as  sodium  hydrox- 
ide, is  added  to  a  sufficiently  concentrated  solution  of  calcium  chlo- 
ride, CaCl2,  or  other  calcium  salt,  calcium  hydroxide ^  Ca(OH)a,  is 
formed.  ^^^^  ^  ^  ^^^^  ^  Ca(0H)2  +  2  NaCl 

Since  calcium  hydroxide  is  moderately  soluble  in  water,  it  is  not  pre- 
cipitated in  dilute  solutions  of  calcium  salts ;  when,  however,  a  soluble 
hydroxide  is  added  to  a  concentrated  solution  of  a  calcium  salt,  calcium 
hydroxide  is  formed  as  a  white  precipitate. 

When  sulphuric  acid,  or  a  soluble  sulphate,  like  potassium  sul- 
phate, is  added  to  a  solution  of  calcium  chloride,  calcium  sulphate^ 
CaS04,  is  formed. 

CaCla  4-  H2SO4  =  CaS04  +  2  HCl 

CaCl,  +  KsSO^  =  CaSO*  4-  a  KCl 
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Calcium  sulphate  is  moderately  soluble  in  water,  but  is  insoluble  in 
alcohol.  If,  therefore,  it  is  formed  in  dilute  solutions  of  calcium  com- 
pounds, it  appears  as  a  precipitate  either  very  tardily  or  not  at  all. 
When,  however,  sulphuric  acid  or  a  soluble  sulphate  is  added  to  a 
concentrated  solution  of  a  calcium  salt,  the  calcium  sulphate  appears 
immediately  as  a  white  crystalline  precipitate.  If  the  precipitate  is 
removed  from  the  liquid  by  filtration  and  alcohol  is  then  added  to  the 
filtrate,  a  further  precipitation  of  calcium  sulphate  takes  place. 

When  a  soluble  carbonate,  like  sodium  carbonate,  is  added  to  a 
solution  of  calcium  chloride,  a  precipitate  of  white  calcium  carbonate, 
CaCOa,  forms,     ^^^j^  ^  NajCOg  =  CaCOg  +  2  NaCl 

Calcium    is    a    pale   yellow  metal   of   specific    gravity 
CaIcuuq* 

1.55  to  1.6,  remaining   nearly   unchanged   in  dry  air,  but 

tarnishing  in  moist  air.     It  decomposes  water  spontaneously  at  ordinary 

temperature,  fuses  at  red  heat,  and  while  burning  emits  a  bright  yellow 

light.     It  was  first  obtained  by  Davy  in  1808.     It  may  be  prepared  by 

electrolysis  of  fused  calcium  chloride. 


^Kci  =  Ca  +  Cl-Cl 


Compounds  of  calcium  when  volatilized  impart  a  bright 
^^^^      orange-red  coloration    to   a  colorless   flame,  and   emit  a 
complex  spectrum  of  which  one  green  line  and  one  orange  line  are 
characteristic. 

By  the  action  of  the  common  acids  upon  native  or  precipi- 
tated calcium  carbonate,  or  upon  calcium  hydroxide^  calcium 
salts  may  be  formed  which  generally  are  white  in  color  and  soluble^ 
sparingly  soluble^  or  insoluble  in  water.  Calcium  carbonate  and  calcium 
hydroxide  may  be  decomposed  by  heating  with  formation  of  calcium  oxide. 
Calcium  oxide  combines  with  water  to  form  calcium  hydroxide.  By  the 
action  of  carbon  dioxide  and  water  upon  calcium  carbonate  soluble  calcium 
hydrogen  carbonate  is  formed  which  may  be  decomposed  by  heating.  The 
sparingly  soluble  calcium  hydroxide  and  calcium  sulphate  may  be  formed 
as  white  precipitates  from  solutions  of  calcium  compounds  sufficiently  con- 
centrated, and  insoluble  calcium  carbonate  may  be  precipitated  from  dilute 
solutionis  of  calcium  compounds.  The  calcium  compounds  impart  an 
orange-red  color  to  flame  and  exhibit  a  spectrum  characterised  by  one 
green  line  and  ofie  orange  line, 

F 


66  .    OUTLINES  OF  INORGANIC  CHEMISTRY 

iMuitriM  The  practical  application  of  the  compounds  of  calcium  to 

Appiitnthna.  the  needs  of  daily  life  are  many.  We  have  mentioned  the 
occurrence  and  methods  of  softening  hard  waters,  and  the  use  of  gypsum 
in  making  casts  and  in  finishing  the  walls  of  rooms,  and  as  a  fertilizer. 
The  extensive  use  of  limestone  and  marble  for  building  material  shouM 
also  be  noticed.  In  this  country,  much  limestone  comes  from  Ne" 
York  Stale,  while  the  finest  marble  is  quarried  in  Vermont.  In  Europe, 
the  best  marble  is  found  in  Italy,  where  it  has  been  used  for  building 
and  for  sculpture  since  ancient  times.  'The  widespread  use  of  lime- 
stone in  making  lime  and  ihe  employment  of  the  latter  compound  in 
.  mortar  and  cement  are  worthy  of  more  extended  discussion. 

Lime  is  made  on  a  large  scale  commercially  by  heating  to 
redness,  or  "  calcining,"  limestone,  under  such  cortditionj 
that  the  carbon  dioxide  may  readily  escape  as  fast  as  it  is  formed.      The 
ooeration  takes  place  in  a  large  brick  or  iron  furnace  or  Aw  ki/n,  fre- 
quently set  on  a  side  hill  to  iacWi' 
tate  feeding  in  the  limestone  at  the 
lop.      In   some    forms   of    kiln  a 
stone  archway,  provided  with  nu- 
merous   small    openings,    is    built 
near  the  bottom,  above  which  is 
piled   the  limestone,  broken    into 
coarse  lumps,  while  below  the  arch 
a  lire  is  made,  so  arranged    that 
its  flames  may  pass  through    the 
arch  into  the  interior  of  the  kiln. 
The  kiln  and  its  contents  ^e  gently 
heated  al  first,  and  then  maiDtaioed 
at  red  heat  for  two  or  more  days, 
when  the  fire  is  allowed  to  die  out, 
FIG.  lo.- Lime  Kiln.     (Thorp.)  the   kiln   Is   allowed   to   cool,    and 

the  freshly  burned  lime  is  removed. 
In  the  more  modern  kilns  the  fuel  is  either  burned  on  a  grate  or  a 
fed  in  alternately  with  hmestone  at  the  top,  in  eithet  case  the  feeding 
of  the  limestone  and  the  removal  of  the  lime  being  carried  on  con- 
tinuously without  internipting  the  operation  of  burning. 
Moitai  Mortar  is  a  pasty  mixture  of  lime  slaked  with  water  (cal- 

cium hydroxide)  and  sand  (silicon  dioxide),  which  dries 
without  excessive  shrinkage,  and  which  on  exposure  to  air  absorbs  car- 
bon dioxide  and  turns  into  hard,  compact  limestone  (calcium  carbonateV 
When  a  pasty  mass  of  freshly  slaked  lime,  unmixed  with  other  materi,i!. 
is  allowed  lo  dry  byex|)osure  to  air,  it  shrinks  and  cracks.  If,  however. 
a  quaniily  of  sand  be  mixed  with  the  slaked  lime,  it  prevents  the  shrink- 
ing, and  gives  to  the  mass  a  porous  structure  which  permits  the  ready 
penetration  of  carbon  dioxide  from  the  air.  After  the  application  of 
mortar  to  lathing  or  masonry  it  loses  water  by  evaporation  and  absorption. 
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and  p^artially  solidifies  or  "  sets."  When  perfectly  dry,  the  absorption  of 
carbon  dioxide  begins  to  take  place  slowly  from  the  outside  surface 
toward  the  interior  of  the  mass,  an  action  which  may  continue  for  many 
years.  After  the  lapse  of  time  a  further  combination  may  take  place 
between  the  limestone  and  the  sand,  forming  a  hard  silicate.  In  cements^ 
which  we  may  study  more  conveniently  in  another  place,  the  process  of 
hardening  depends  chiefly  upon  the  hydration  of  silicates  and  aluminates 
of  calcium. 


Strontium,  Sr,  87.6 

The  strontium  compounds  may  be  made  from  strontium  carbonate, 

which  occurs  native. 

Strontiam  Strontium    carbonate^    SrCOs,    occurs    as    the    mineral 

Carbonate       strontianite.     It  is  nearly  insoluble  in  water,  but  is  acted 

and  other  '^ 

Strontiiuii      upon  by  acids.     It  may  be  formed  as  a  precipitate   from 

Salts.  solutions  of  other  strontium  salts. 

Strontium  carbonate  may  be  acted  upon  by  acids  with  the  formation  of 
strontium  salts  in  which  strontium  is  a  positive  ion.     When  strontium 

carbonate,  SrCOs,  is  acted  upon  by  sulphuric  acid, 
iSr^^Ss^  some  carbon  dioxide,  CO2,  is  set  free,  and  an  equivalent 

^^  amount  of  strontium  sulphate ,  SrS04,  is  formed. 

SrCOs  +  H2SO4  =  SrS04  +  H2O  +  COg 

Since,  however,  the  strontium  sulphate  formed  is  only  very  slightly  solu- 
ble, it  forms  a  protective  coating  about  the  strontium  carbonate  and  so 
retards,  and  if  undisturbed,  finally  stops  the  action.  Strontium  sulphate 
occurs  as  the  mineral  celestite.  It  may  be  formed  as  a  precipitate  from 
solutions  of  other  strontium  compounds. 

When  strontium  carbonate  is  acted  upon  by  warm 

<— W^ 
~"^'^_   which  it  may  be  recovered  in  the  form  of  anhydrous  octahe- 
drons, or  as  prisms  having  the  composition  Sr(N03)8  •  4  HjO. 


>—Vx^  dilute  nitric  acid,  carbon  dioxide,  CO2,  is  evolved,  and 
Sr^  ^  Strontium  nitrate,  Sr(N08)2,  is  left  in  the  solution,  from 


SrCOs  -f  2  HNO3  =  Sr(N03)2  +  HjO  -f  CO, 

When  heated  it  breaks  down  into  strontium  oxide  and  nitrogen  oxides. 
It  imparts  a  beautiful  red  color  to  flame,  and  so  is  largely  used  in  making 
fireworks. 
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When  hydrochloric  acid  is  used  to  decompose  stron- 
sr^  tium  carbonate,  strontium  chloride ^  SrCl2,  is  fornaed  in 

solution,  from  which  it  may  be  recovered  as  long,  hexago- 
nal needles,  having  the  composition  SrClj  •  6  HjO.  They  effloresce  in 
air,  and  when  heated  become  anhydrous. 

SrCOs  +  2  HCl  =  SrCla  +  H2O  +  COj 

strontium  When  strontium    carbonate    is    strongly  heated,  it 

Oxide  and  evolves  carbon  dioxide,  COj,  forming  strontium  oxide ^  SrO 
Hydroxide.       (strontia),  a  white  solid,  the  reaction  being  reversible. 

SrCOa  "7"^  SrO  +  CO, 

Strontium  oxide  is  more  readily  formed  by  heating  strontium  nitrate.  It 
combines  with  water  with  evolution  of  heat,  and  formation  of  strontium 
hydroxide,  Sr(0H)2,  a  white  powder,  moderately  soluble  in  hot  water, 
and  possessing  basic  properties,  since  it  will  neutralize  acids  forming 
corresponding  strontium  salts. 

SrO  +  HjO  =  Sr(OH), 

Strontium  hydroxide  may  be  decomposed  by  heat  into  strontium  oxide 
and  water.  The  solution  of  strontium  hydroxide  will  absorb  carbon 
dioxide,  CO2,  to  form  strontium  carbonate. 

Sr(0H)8  +  CO2  =  SrCOs  +  H,0 

When  a  solution  of  strontium  hydroxide   is  allowed  to  cool,  crystals 
separate  out,  having  the  composition  Sr(0H)2  •  8  HjO. 
Insoluble  The  formation  of  the  insoluble  compounds  of  strontium  as 

Compounds  precipitates  serves  as  a  means  for  identifying  the  presence  of 
of  Strontium,  strontium  compounds  in  solution.  Thus  when  a  soluble  car- 
bonate, like  sodium  carbonate,  is  added  to  a  solution  of  a  strontium 
compound,  like  strontium  nitrate,  Sr(N03)2,  a  white  precipitate  of 
strontium  carbonate,  SrCOs,  is  formed. 

Sr(N03)2  -f  NagCOg  =  SrCOj  +  2  NaNOj 

When  sulphuric  acid,  or  a  soluble  sulphate,  like  potassium  sul- 
phate, is  added  to  a  solution  of  strontium  nitrate,  white,  finely 
crystalline  strontium  sulphate,  SrS04,  is  precipitated. 

SrCNOa)^  -f  H^SO^  =  SrSO^  -f  2  HNO, 
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Since  the  precipitate  is  very  slightly  soluble  in  cold  water,  it  is  formed 

slowly  in  dilute  soUition. 

Strontium  is  obtained  by  the  electrolysis  of  fused  stron- 
Strontiimi. 

tium  chloride,  SrClf 

SrCl,  =  Sr  -f  CI, 

It  is  a  yellow  metal,  of  specific  gravity  3*5,  slowly  oxidizes  spontaneously 
in  air,  and  decomposes  water  at  ordinary  temperatures.  It  is  malleable 
and  ductile  and  fuses  at  red  heat. 

Strontium  compounds  when  volatilized  impart  a  crimson 

|B  M^i^  I  i  II  111 

*      color  to  flame,  and  give  a  characteristic  complex  spectrum 
consisting  of  two  red  lines,  one  orange  line,  and  one  blue  line. 

By  acting  with  common  acids  upon  the  native  strontium 
carbonate,  white  soluble  or  insoluble  strontium  salts  may  be 
formed.  Strontium  carbonate  and  strontiu?n  hydroxide  may  be  decom- 
posed by  heating,  with  formation  of  strontium  oxide,  which  will  combine 
with  water  to  form  strontium  hydroxide.  The  sparingly  soluble  strontium 
hydroxide  and  the  insoluble  strontium  sulphate  and  strontium  carbonate 
may  be  formed  as  white  precipitates.  Strontium  compounds  impart  a 
crimson  color  to  flame^  and  exhibit  a  complex  spectrum  consisting  of  red^ 
orange f  and  blue  lines. 

Barium,  Ba,  137.4 

From  barium  carbonate,  which  occurs  native,  the  other  barium  com- 
pounds may  be  obtained. 

Barium  carbonate,  BaCOe,  occurs  as  the  mineral  witherite, 
C^b^te  ^*  ^^  ^^^y  slightly  soluble  in  water.  Its  solubility  is  greater 
and  other  in  water  charged  with  carbon  dioxide  than  in  pure  water. 
?^^"  It  is  acted  upon  by  acids.     It  may  be  formed  as  a  precipi- 

tate in  solutions  of  other  barium  compounds. 
Barium  carbonate  may  be  acted  upon  by  acids  with  the  formation  of 
barium  salts  in  which  barium  is  a  positive  ion.     When  barium  car- 
^.        j^  bonate,  BaCOg,  is  acted  upon  by  sulphuric  acid,  carbon 
JBo^^^SX^  dioxide,  COj,  is  evolved,  and  barium  sulphate,  BaS04,  is 

deposited  as  a  very  insoluble  white  coating  on  the  carbonate 
still  undecomposed,  thus  retarding  .or  completely  stopping  the  action. 

BaCOs  +  H2SO4  =  BaSO*  +  H^O  +  COj 


N)-N: 


-< 
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Barium  sulphate  is  the  commonest  and  most  widely  distributed  com- 
pound of  barium.  It  is  found  as  the  mineral  bariU  (heavy  spar).  It 
is  almost  insoluble  in  water,  and  is  very  slightly  attacked  by  many  acids. 
Hot  concentrated  sulphuric  acid  acts  upon  it  with  the  formation  of  an 
acidic  salt,  BaH2(S04)2,  from  which  may  be  formed  by  action  of  moisture 
BaH2(S04)a  •  2  H2O.  It  is  largely  employed  in  white  paint.  It  may  be 
formed  as  a  precipitate  from  solutions  of  other  barium  compounds. 

By  acting  upon  barium  carbonate  with  nitric  acid, 
barium  nitrate^  Ba(N03)2,  is   formed   in   solution,   from 

/^  which  it  may  be  recovered  by  evaporation  in  anhydrous 

'x'O   crystals. 

BaCOs  +  2  HNOs  =  Ba(NO,),  +  H,0  -f  00, 

When  heated  it  breaks  down  into  barium  oxide  and  nitrogen  oxides. 
It  is  used  for  the  preparation  of  barium  oxide  and  barium  dioxide.     It 
imparts  a  fine  green  color  to  flame,  and  is  employed  in  making  fireworks. 
yCi  •  When  barium  carbonate  is  acted  upon  by  hydro- 

^**\^j  chloric  acid,  barium  chloride,  BaCls,  results. 

BaCOg  +  2  HCl  =  BaClj  +  HjO  +  CO2 

It  forms   crystals   having   the   composition  BaCl^  •  2  H2O,  which   lose 

water  when  heated.     It  is  used  as  a  source  of  barium  sulphate.      It  is 

poisonous. 

Barium  When  barium  carbonate  is  heated  to  intense    white 

Oxide  and       heat,  it   loses  carbon  dioxide,  a  residue  of  barium   oxiiie^ 

Hydroxide.      g^Q  (baryta),  remaining  as  a  grayish  powder,  the  reaction 

being  reversible.  ^        _ 

^  BaCOs  ^^  BaO  +  COj 

When  barium  carbonate  is  mixed  with  carbon  (lampblack)  or  something 
which  will  yield  carbon,  such  as  tar,  the  carbon  exerts  a  reducing  action, 
and  barium  oxide  is  formed,  carbon  monoxide,  CO,  being  evolved  in 
the  process.  ^^^^  +  C  =  BaO  +  2  CO 

Barium  oxide  is  usually  made  by  heating  barium  nitrate. 

Barium  oxide  combines  with  water,  with  the  evolution  of  a  great 
deal  of  heat,  sufficient  in  case  the  water  is  sprinkled  on  the  oxide  to 
raise  the  mass  to  incandescence,  and  in  any  case  forming  barium  hydrox- 
ide,  Ba(0H)2,  a  white  powder,  moderately  soluble  in  water,  and  exhibit- 
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ing  the  properties  of  a  strong  base,  inasmuch  as  it  will  neutralize  acids, 

forminfi;  barium  salts.  _  _  ^_ 

^  BaO  +  H2O  =  Ba(OH), 

When  the  solution  is  allowed  to  evaporate,  crystals  may  be  obtained 
having  the  composition  Ba(0H)2  •  8  HjO. 

When  barium  oxide,  BaO,  is  heated  to  redness  in  a  current  of  dry 
air,  it  unites  with  oxygen,  forming  a  gray  mass  of  barium  dioxide^  BaOj, 
which,  when  strongly  heated,  decomposes  into  barium  oxide  and  oxygen. 
It  is  used  in  obtaining  oxygen  from  air. 

2  BaO  +  O2  =  2  BaOj 

Inaolable  -^^  formation  of  the  insoluble  salts  of  barium  as  precipi- 

Baziom  tales  from  solutions  of  the  barium  salts  may  be  employed  to 

mpoan  .  (^^^f^jy  ffariiim  compounds.  Thus,  when  a  soluble  carbonate, 
like  sodium  carbonate,  NasCOg,  is  added  to  a  solution  of  a  barium 
compound,  like  barium  nitrate,  Ba(N08)2,  a  white  precipitate  of 
barium  carbonate^  BaCOs,  very  slightly  soluble  in  water,  is  formed. 

Ba(N08)j  -H  NaaCOg  =  BaCOs  +  2  NaNOa 

When  sulphuric  acid,  or  a  soluble  sulphate,  like  potassium  sul- 
phate, is  added  to  a  solution  of  barium  nitrate,  white  barium 
sulphate^  BaS04,  is  precipitated. 

Ba(N03)2  -f  H2SO4  =  BaS04  +  2  HNOs 

When  to  a  solution  of  barium  nitrate  a  soluble  chromate,  like 
potassium  chromate,  K2Cr04(or  potassium  dichromate,  KjCrjO;),  is 
added,  a  yellow  crystalline  precipitate  of  barium  chromate^  BaCr04, 
forms.    This  compound  is  used  in  yellow  paint. 

BaCNOa),  +  KjCr04  =  BaCr04  +  2  KNO, 

Barium  is  prepared  by  the  electrolysis  of  fused  barium 
chloride,  BaCls. 

BaClj  =  Ba  -f  CI2 

It  is  a  bright  yellow  metal  of  specific  gravity  3.6,  readily  oxidizes  spon- 
taneously in  air,  and  decomposes  water  energetically  at  ordinary  tem- 
peratures.    It  is  malleable,  ductile,  and  fuses  at  red  heat. 

Barium  compounds  when  volatilized  impart  a  pale  green 
color  to  flame,  and  emit  a  complex  spectrum  containing 
four  characteristic  green  lines. 
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The  common  acids  act  upon  the  native  barium  carbonate  to 
form  white  soluble  or  insoluble  barium  salts.  Barium  carbo- 
nate and  barium  hydroxide  may  be  decomposed  by  heating  with  formation 
of  barium  oxidcy  which  combines  with  water  to  form  barium  hydrox- 
ide. By  heating  barium  oxide  to  redness  in  dry  air  barium  dioxide  is 
formed^  which  at  high  temperature  evolves  oxygen.  The  sparingly 
soluble  barium  hydroxide  and  the  insoluble  barium  sulphate  and  barium 
carbonate  may  be  formed  as  white  precipitates.  Barium  chromate  may 
be  formed  as  a  pale  yellow  precipitate^  Barium  compounds  impart  a 
yello7vish  green  color  to  flame^  and  exhibit  a  spectrum  cotitainin^  four 
green  lines. 

Radium,  Ra,  225 

Radium,  first  recognized  as  an  element  by  M.  and  Mme.  Curi6,  is 
unknown  in  free  condition.  Compounds  of  radium,  exhibiting  charac- 
teristic spectra,  and  in  general  resembling  the  corresponding  comfxiaDds 
of  barium,  have  been  prepared,  but  lack  of  material  has  thus  far  pre- 
vented the  full  study  of  their  chemical  relations.  Radium  occurs 
in  several  minerals  bearing  the  element  uranium,  and  at  present  is 
obtained  from  the  residues  left  after  extracting  uranium  from  the 
mineral  uraninite  or  pitchblende,  A  ton  of  such  residue  yields  10  to 
15  kilograms  of  barium  chloride  or  barium  bromide,  with  which  is 
associated  the  corresponding  radium  salt  to  the  extent  of  0.2  to  0.3 
grams,  and  the  radium  salt,  being  the  more  insoluble,  is  separable  from 
the  barium  salt  by  fractional  crystallization. 

Known  compounds  of  radium  are  :  radium  chloride ^  RaClj ;  radium 
bromide^  RaBfg,  easily  hydrolyzed  in  ordinary  air  \  and  radium  nitrak^ 
Ra(N03)2,  and  radium  hydroxide^  Ra(0H)2,  easily  converted  to  insolu- 
ble radium  carbonate^  RaCOg. 

Radium  compounds  are  characterized  by  the  possession  of  radio- 
activity, or  the  capacity  to  emit  Becquerel  rays  which,  though  incapable 
of  being  reflected,  refracted,  or  polarized,  act  upon  the  photographic 
plate,  render  gases  through  which  they  pass  conductors  of  electricity,  and 
penetrate  black  paper  and  metals.  The  radio-activity  of  radium  salts 
increases  from  the  beginning  of  the  process  of  crystallization  and 
drying  to  a  maximum,  which  remains  constant  so  long  as  the  salt  is 
left  to  itself.  Salts  of  radium  are  luminous  and  continually  emit  heat, 
and  peculiar  rays  causing  other  substances  to  become  phosphorescent, 
giving  to  dielectrics,  Hke  petroleum  and  carbon  disulphide,  some  slight 
electrical  conductivity,  exerting  certain  physiological  effects  like  die 
destruction  of  germs  and  living  tissues,  and  manifesting  ability  to  impait 
similar  radio-active  properties  to  neighboring  substances.  When  a  salt 
of  radium,  solid  or  in  solution,  is  placed  in  a  vessel  containing  air,  the 
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interior  walls  of  the  vessel  become  radio-active,  and  any  solid  substance 
put  within  the  vessel  likewise  becomes  radio-active.  Furthermore, 
substances  within  a  second  vessel  communicating  with  the  first  only 
by  a  capillary  tube  acquire  radio-activity  after  a  sufficient  time.  So 
it  appears  that  radium  compounds  emit  a  radio-active  emanation,  and 
experiment  shows  this  to  be  condensible  at  —150°,  and  convertible  into 
otlier  products,  one  of  which  proves  to  be  the  element  helium. 

Much  study  has  been  put  upon  the  properties  of  the  rays  emitted  by 
radium,  but  the  discussion  of  these  matters,  though  of  great  interest, 
would  lead  too  far.  It  appears  to  be  the  case  that  radio-activity  is  a 
property  possessed  in  greater  or  less  degree  by  many  forms  of  matter, 
and  the  phenomena  suggest  the  possibility  of  disintegration  of  some 
chemical  elements. 


CHAPTER  VI 
PRIMARY  SERIES— GROUP  UI 

Boron,  B,  zz 

Aluminium,  Al,  27.1 

Scandium,  Sc,  44.1 

Yttrium,  Yt,  89.0 

Lanthanum,  La,  138.9 

The  elements  of  Group  III  of  the  primary  series  do  not 
occur  free  in  the  earth.  Aluminium,  which  occurs  in  great 
abundance  in  many  rocks,  and  in  all  clay  soils,  is  a  common  commercial 
product ;  boron,  occurring  in  a  few  minerals,  and  in  compounds  dissolved 
in  waters  of  volcanic  regions,  and  yttrium  and  lanthanum,  constituents 
of  certain  rare  minerals,  have  been  prepared  only  in  small  quantities  in 
the  laboratory,  while  scandium  is  not  known  in  free  condition. 

Boron  is  known  as  a  black  powder,  and  sometimes  as 

more  or  less  colored  transparent  crystals  which,  however, 

are  not  quite  pure  boron.    The  amorphous  powdery  boron  oxidizes 

when  heated,  and  at  red  heat  decomposes  water,  forming  a  normal 

hydroxide,  B(OH)8,  which  may   be   decomposed  into  various  oxy- 

hydroxides,  and  into  an  infusible  oxide.    "The  boron  hydroxides  act 

usually  as  weak  acids ;  and  boron  oxide,  when  fused  with  certain  basic 

hydroxides,  or  oxides,  or  with  some  salts  of  positive  elements,  forms  salts 

in  which  boron  is  a  part  of  a  negative  ion.     Boron  hydroxide,  B(OH>}, 

boric  acid,  and   some  salts  of  which  sodium   tetraborate,   Na^B^Or, 

borax,  is  the  most  important,  corresponding  to  various  oxy- 

hydroxides  of  boron,  are  the  commonly  occurring  native 

compounds  of  boron.     In  the  distinctly  acidic  nature  of  its  hydroxides 

boron  differs  from  any  of  the  elements  of  the  preceding  groups. 

Aluminium  is  a  white  lustrous  metal  of  low  specific  gravity,  oxidizing 
when  strongly  heated,  attacked  by  acids,  and  conducting  electricity. 

74 
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Its  oxide  is  extremely  insoluble  and  infusible.  The  normal 
hydroxide,  A1(0H)8,  which  may  be  formed  by  indirect 
methods,  exhibits  the  properties  of  a  weak  base,  neutralizing  the  com- 
mon acids  with  the  formation  of  salts  in  which  aluminium  is  a  positive 
ion ;  but  both  it  and  the  oxyhydroxide,  A10(  OH ),  produced  by  heat- 
ing the  normal  hydroxide,  are  capable  of  neutrahzing  strong  bases  with 
the  formation  of  aiuminates,  salts  in  which  aluminium  is  a  constituent 
of  a  negative  ion.  In  nature  we  find  aluminium  in  the  oxide  corundum^ 
AljOg;  in  the  hydroxides  gibbsiU^  Al(OH)s,  diaspore^  AIO(OH),  and 
bauxite^  Al20(OH)4,  containing  more  or  less  iron  oxide;  in  many  com- 
plex silicates,  such  as  the  feldspars  {orthoclase^  KAlSisO^)  and  the  clays 
(kaolinikj  Al2H4Si209) ;  and  as  cryolite^  AlF8«3NaF,  a  double  fluoride, 
and  in  aluminates,  such  as  spinel^  Mg(A10j)j,  chrysoberyly  G1(A102)2, 
and  gahniUy  Zn(A102)2. 

Rare  Scandium,  yttrium,  lanthanum,  like  certain  similar  elements 

Berths.  of  succeeding  groups,  are  known  as  rare  earth  elements, 

because  they  are  found  only  in  small  amounts  in  a  few  rare  earthy 
minerals.  The  oxides  of  these  elements,  like  the  oxides  of  calcium  and 
other  elements  in  the  preceding  group,  glow  brightly  when  heated. 
Scandium  is  of  especial  interest  because  its  existence  was  suggested  in 
1863  by  Mendel^eff,  who,  from  considerations  based  upon  the  periodic 
law,  predicted  its  atomic  weight,  and  the  properties  of  some  of  its  com- 
pounds, ten  years  before  the  oxide  was  discovered. 

The  elements  of  the  third  group  of  the  primary  series  show  generally 
in  their  compounds  a  valence  of  III. 

Boron,  B,  zz 

»^   *^^  W^  ™^y  commence  our  study  of  boron  with  the  naturally 

Botic  Add. 

occurring  boric  acid,  H^BOa  (boron  hydroxide),  known  as 

brilliant,  colorless,  crystalline  scales,  which  are  moderately  soluble  in  cold 
water  but  are  much  more  soluble  in  hot  water.  When  its  solution  is 
boiled,  some  of  the  boric  acid  volatilizes  with  the  steam,  from  which  it 
may  be  obtained  in  crystallized  form  by  condensation  and  concentra- 
tion of  the  resulting  solution.  In  some  volcanic  regions,  especially  in 
Tuscany,  steam  charged  with  boric  acid  issues  from  the  earth  and  con- 
denses in  pools.  By  slowly  evaporating  the  waters  of  such  pools  crys- 
tallized boric  acid  may  be  obtained.     Sometimes  artificial  pools  are 
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constructed  by  building  walled  basins  over  the  volcanic  vents  or  fuma- 
roUsy  and  allowing  the  steam  jets  or  soffioni  to  bubble  through  water 
contained  in  them,  the  resulting  solution,  which  may  contain  as  much 
as  2  per  cent,  of  boric  acid,  being  concentrated  by  the  natural  heat.  In 
many  places  artificial  fumaroles  have  been  made  by  boring.  Boric  acid 
is  also  produced  from  tincal^  Na2B407  •  lo  H^O  (borax),  and  it  occurs 
in  crystallized  form  as  the  mineral  sassoHte.  It  is  used  as  an  antiseptic 
in  medicine  and  surgery,  and  as  a  preservative  for  meat. 

Qv  When  the  normal  boron  hydroxide,  orthoboric  acid, 

M-0-^       HgHOs,  is  heated  to  ioo°,  an  ideal  molecule  loses  a  molecule 
of  water,  forming  an  oxyacid  known  ordinarily  as  nutaboru 
acidy  HBO2,  a  volatile  white  powder. 

H8BO3  =  HBO2  +  H,0 

When  the  metaboric  acid,  HBO^,  is  heated  at  140^ 

JBT— 0— B=0  1  ^i  t     . 

one  molecule  of  water  is  removed  from  four  molecules  of 
the  acid,  forming  another  oxyacid  known  as  tetraboric  acidy  HjB^O-, 
which  contains  four  atoms  of  boron  in  each  molecule. 

4  HBO2  =  H,BA  +  HjO 

M-O-B  When  the  tetraboric  acid,  H2B4O7,  is  heated  strongly 

B  at  red  heat,  the  remaining  molecule  of  water  is  removed 

'  from  the  molecule  of  the  acid,  leaving  a  fused  residue  of 

I  boron  trioxide^  slightly  volatile  at  high  heat,  for  which  the 

Q  A^Q  simplest  symbol  is  B2O3. 

^-^-^  HaB.O:  =  2  BA  +  H,0 

Boron  trioxide  may  be  formed  directly  by  heating  orthoboric  acid, 
HsBOa,  to  redness. 

2  H3BO3  =  BaOa  +  3  H2O 

^^  Boron  trioxide^  BgOg,  is  a  brittle  glassy  substance,  very 

^s^  hygroscopic,  combining  readily  with  water  with  the  forma- 

B^^  tion  of  orthoboric  acid.     It  is  volatile  only  at  a  very  high 

temperature,  and  consequently,  when  fused  with  hydroxides 
or  salts  of  other  elements  which  it  can  decompose  with  the  liberation 
of  an  easily  volatile  product,  it  forms  with  the  oxides  of  the  positive 
elements  of  such  compounds  salts  corresponding  to  boric  acid,  meta* 
boric  acid,  or  tetraboric  acid,  according  to  the  proportions  in  which  the 
interacting  substances  are  taken. 
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Sodium  ^^  recognize  boron  trioxide^  made  by  heating  the  boric  acids ^ 

Borates.  as  an  acidic  oxide^  and  we  may  use  it  as  a  starting  point 
for  the  formation  of  the  salts  of  the  boric  acids ^  —  the  orthoborateSy 
metaborates^  and  tetraborates  respectively^  —  in  which  boron  is  a  constitu- 
ent of  the  negative  ion. 

By  fusing  boron  trioxide,  B2O3,  with  sodium  hydroxide,  in  such 
propcTtions  that  six  gram- equivalents  of  the  hydroxide  will  act  on  each 
gram -equivalent  of  the  oxide,  a  hard  crystalline  mass  of  sodium  ortho- 
borate^  NajBOj,  may  be  formed. 

6  NaOH  4-  B2O3  =  2  NagBOs  +  3  HjO 

The  same  compound  may  be  obtained  by  fusing  together  boron  trioxide 
and  sodium  carbonate,  in  the  proportion  of  three  gram-equivalents 
of  the  carbonate  to  each  gram- equivalent  of  the  oxide. 

3  NajCOs  +  BA  =  2  NagBOa  4-  3  CO, 

Sodium  orthoborate  dissolves  in  water  with  hydrolytic  formation  of 
sodium  metaboratCy  NaBOj,  and  sodium  hydroxide,  simultaneously. 

NagBOa  -f  H^O  =  NaBOo  -f  2  NaOH 

When  boron  trioxide  and  sodium  hydroxide  are  fused  together 
in  such  proportions  that  each  gram- equivalent  of  the  oxide  will  interact 
with  two  gram-equivalents  of  the  hydroxide,  sodium  metaborate,  NaBOj, 
is  formed  as  a  crystalline  mass, 

2  NaOH  4-  BjOg  =  2  NaBOg  -|-  H^O 

and  the  same  compound  may  be  obtained  by  fusing  together  boron  tri- 
oxide and  sodium  carbonate  in  required  proportions. 

NaaCOg  +  B2O3  =  2  NaBOj  -f  COg 

Sodium  metaborate  is  soluble  in  water  and  may  be  recovered  from 
its  solution  as  crystals  containing  water  of  crystallization  and  having  the 
composition  NaB02  •  2  HgO. 

Sodium  tetraborate^  Na2B407  (borax),  may  be  obtained  by  fusing 
boron  trioxide  with  sodium  hydroxide  in  such  proportions  that 
equal  numbers  of  gram-equivalents  of  the  two  substances  will  act  upon 
one  another.  » 

2  NaOH  4-  2  B2O3  =  Na^B.O;  +  HjO 
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The  same  compound  may  be  got  by  similarly  fusing  boron  trioxidc 
with  a  suitable  amount  of  sodium  carbonate. 

Na,C03  +  2  BA  =  Na2B407  +  CO, 

Sodium  tetraborate  dissolves  in  water  and  may  be  crystallized  there- 
from either  with  five  molecules  of  water  of  crystallization,  Na,B407  •  5  HjO. 
or,  as  is  the  case  with  ordinary  borax,  with  ten  molecules  of  water, 
Na2B407  •  10  HgO.  When  crystallized  borax  is  heated  it  increases  largeh 
in  volume,  loses  water,  and  at  880®  forms  an  anhydrous  transparent  ghi^) 
mass,  Na2B407.  Anhydrous  borax  has  the  property  of  combining  with 
many  oxides  of  metals  when  fused  with  them,  forming  transparent  glassy 
beads  of  colors  which  are  often  characteristic  of  the  oxides  employed 
and  for  this  reason  borax  is  useful  as  a  flux,  in  welding  metals,  and  id 
glazing  and  enameling  metals  and  pottery.  It  is  employed  in  soap- 
making  and  in  dyeing,  and  is  also  used  as  a  preservative  for  meat, 
and  in  medicine.  Borax  occurs  native  as  the  mineral  tincaL  In  com- 
merce it  is  prepared  by  purifying  the  natural  product,  and  by  acting 
upon  orthoboric  acid  with  sodium  carbonate  in  solution  or  in  fusion. 

We  have  seen  that  when  boron  trioxide  is  fused  with  the  maximum 
amount  of  sodium  hydroxide  with  which  it  can  act,  sodium  ortho- 
borate  is  formed,  and  that  when  less  than  the  maximum  amount  01 
sodium  hydroxide  is  employed,  sodium  metaborate  or  sodium  tetraborate 
may  result.  Similarly  from  a  borate  containing  a  smaller  proportion 
of  sodium  may  be  obtained  a  borate  containing  a  larger  proportion  01 
sodium  by  fusion  with  sodium  hydroxide  or  sodium  carbonate. 

Sodium  metaborate  may  be  formed  by  fusing  sodium  tetraborate  witb 
the  proper  amount  of  sodium  hydroxide,  and  sodium  orthoborate  maybe 
obtained  by  fusing  sodium  metaborate  with  the  requisite  quantity  of  so- 
dium hydroxide.  Thus,  when  sodium  tetraborate,  NajB^O;,  is  fuse: 
with  sodium  hydroxide  in  the  proportion  of  one  gram-equivalent  of 
the  former  to  two  gram-equivalents  of  the  latter,  sodium  meiahorau, 
NaB02,  is  produced, 

2  NaOH  4-  Na2B40;  =  4  NaBOj  -f  HjO 

and  when  sodium  metaborate,-  NaBOo,  is  fused  with  sodiuzr 
hydroxide,  in  the  proportion  of  one  gram-equivalent  of  the  former  to 
two  gram-equivalents  of  the  latter,  sodium  orthoborate^  NasBOa,  is  the 
product. 

2  NaOH  4-  NaBOa  =  Na^BOs  "h  HjO 

In  like  manner  by  fusing  sodium  tetraborate  with  the  proper  amount  of 
sodium  carbonate  we  may  get  sodium  metaborate,  while  the  latter,  fused 
with  sodium  carbonate  in  proper  amount,  will  give  sodium  orthoboraic. 
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Sodium  metaborate  and  sodium  tetraborate  may  likewise  be  formed  in 
solution  by  the  action  of  orthoboric  acid  upon  the  proper  amounts  of  sodium 
hydroxide.  The  formation  of  sodium  orthoborate  in  this  manner,  how- 
ever, takes  place,  if  at  all,  only  in  the  presence  of  an  excess  of  sodium 
hydroxide,  since  sodium  orthoborate  is  hydrolyzed  by  pure  water.  When 
sodium  hydroxide  and  orthoboric  acid  act  upon  one  another  in 
proper  proportion,  sodium  metaborate  may  be  crystallized  from  the  solu- 
tion with  two  molecules  of  water,  having  the  composition  NaBOg*  2  H2O. 

^a-O-H  -f  H-O^B  =  Aa-0-B=0  -f  5~S""S 

H-(X  H-U-H 

With  still  other  proportions  of  reacting  substances  the  sodium  tetra- 
borate may  be  formed  and  crystallized  from  the  solution  with  ten  mole- 
cules of  water,  Na^BfO?  •  10  H^O. 


H-O^B  H-O-H 
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Similar  crystals  of  sodium  tetraborate  may  be  obtained  from  a  solu- 
tion made  by  boiling  orthoboric  acid  with  sodium  carbonate. 

NajCOa  +  4H8BO3  =  NajjBA  +  6H2O-I-CO2 

This  is  a  common  commercial  method  for  making  borax. 
Action  of  Sodium  orthoborate,  as  we  have  seen,  is  hydrolyzed  with 

Acids  apon  the  formation  of  sodium  metaborate.  Sodium  metaborate 
®^''****'  and  sodium  tetraborate  are  readily  decomposed  in  water  by 
acids,  and  from  the  solutions  thus  formed  salts  containing  greater  pro- 
portionate amounts  of  boron,  or,  in  case  the  acids  are  employed  in 
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excess,  boric  acid,  may  be  obtained,  the  metals  in  either  case  forming 
salts  with  the  acids  taken.  By  acting  upon  sodium  metaborate, 
NaBOj,  in  solution  in  water,  with  a  proper  amount  of  sulphuric  acid, 
sodium  tetraborate  may  be  made  and  crystallized  from  the  solution  with 
ten  molecules  of  water,  NagBfOj*  10H2O,  sodium  sulphate  also  being 
formed. 

4  NaBOs  +  H2SO4  =  NajBA  -f  HjO  4-  NajSO, 

If,  however,  a  sufficient  amount  of  sulphuric  acid  be  added  to  the  solu- 
tion of  sodium  metaborate,  orthoboric  acid,  HgBOs,  may  be  crystallized 
from  the  sufficiently  concentrated  solution. 

2  NaBO,  +  H2SO4  4-  2  H^O  =  2  H3BO3  +  Na^4 

Similarly,  orthoboric  acid  may  be  got  by  acting  upon  sodium  tetra- 
borate, Na2B407,  with  sufficient  sulphuric  acid,  and  evaporating  the 

solution. 

Na2B407  +  H2SO4  4-  5  H2O  =  4  HgBOs  -f  Na^4 

Even  carbon  dioxide,  CO^,  will  decompose  sodium  metaborate, 
NaBOj,  in  solution  in  water,  from  which  sodium  tetraborate,  NasBiOx- 
10  H2O,  may  be  crystallized. 

4  NaBOs  4-  CO2  =  Na2B A  4-  NajCOj 

The  action  of  carbon  dioxide  on  sodium  metaborate  may  go  so  far  as  to 
form  some  boric  acid,  though  carbon  dioxide  in  water  is  not  able  tc  pro- 
duce the  boric  acid  to  such  an  extent  that  it  may  be  crystallized  from 
the  solution. 

Metaborates  and  tetraborates  of  other  elements  than  sodium  are  ak- 
known.  Orthoborates  are  formed  only  by  the  fusion  together  of  the 
proper  proportions  of  boron  trioxide  and  a  fusible  basic  oxide,  or 
hydroxide,  or  the  corresponding  carbonate ;  and  such  orthoborates  are, 
if  soluble,  hydrolyzed  in  water  solution.  '  Salts  corresponding  to  some 
other  oxyacids  of  boron,  theoretically  derivable  by  dehydration  frot^ 
several  molecules  of  orthoboric  acid,  in  a  manner  similar  to  thai  in 
which  tetraboric  acid  is  derivable,  are  also  known. 

Certain  hydroxides  of  carbon-hydrogen  radicals,  such  as  the  alcohoK 
interact  with  boron  trioxide  with  the  formation  of  orthoborates  as  well 
as  metaborates.  Thus,  when  an  excess  of  methyl  alcohol,  CHjOH, 
acts  upon  boron  trioxide,  methyl  orthoborate^  (CH8)8B08,  is  forroeU, 

6  CHgOH  +  B2O8  =  2  (CH3)8BO,  4-  3  H,0 
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while  in  case  ethyl  alcohol,  CgHjOH,  is  employed,  etiiyl  orthoborate^ 
(C,H5)3BOa,  is  formed  in  like  manner.  When  the  boron  trioxide,  -how- 
ever, is  in  excess  in  the  presence  of  methyl  alcohol,  methyl  nutaborate, 
CH3BO2,  is  formed, 

« 

2CH3OH  4-  BA  =  a'CHsBO,  -f  HjO 

while,  if  ethyl  alcohol  be  employed,  ethyl  metaborafe,  CsHaBOj,  results. 
These  borates  of  the  carbon-hydrogen  radicals  are  colorless  liquids,  and 
are  readily  volatile.  They  impart  to  flame  a  fine  green  color  character- 
istic of  the  boron  compounds. 

We  also  recognize  boron  trioxide  as  an  oxide  of  very  weak 
basic  properties^  since  it  will  act  upon  a  very  few  acids  with 
the  formation  of  salts  in  which  boron  acts  as  a  positive  ion.  Although  no 
nitrate  of  boron  is  known,  disulphuric  acid,  HjSaOy,  will  act  upon 
boron  trioxide  with  the  formation  of  a  substance  which  may  be  re- 
covered from  solution  as  crystals  which  are  decomposed  by  water  and 
by  heating,  with  evolution  of  sulphur  trioxide,  SOs,  and  which  have  the 
comi>osition,  B(HS04)3,  corresponding  to  an  acidic  sulphate  of  boron. 
When  boron  trioxide  is  treated  with  an  excess  of  concentrated 
phosphoric  acid,  H8PO4,  an  amorphous  residue  may  be  obtained 
which  is  infusible  and  not  attacked  by  acids,  and  has  the  composition 
BPO4,  showing  it  to  be  a  neutral  phosphate  of  boron. 

Binary  A  few  binary  compounds  of  boron  may  be  formed  in  which 

(^mpoonds     boroti  as  a  positive  ion  is  combined  with  negative  elements. 

When    gaseous    hydrofluoric   acid,    HF,    acts  upon 
B"^^  boron  trioxide,  B2O3,  boron  trifluoride,  BF3,  a  strongly 


\P 


fuming  colorless  gas,  is  produced. 

B2O3  +  6  HF  =  2  BF3  4-  3  H2O 


A  practical  method  for  its  preparation  consists  in  heating  together  the 
proper  amounts  of  boron  trioxide,  B^Os,  calcium  fluoride,  CaF2, 
and  sulphuric  acid,  in  sufficient  excess  to  hold  in  combination  the 
water  set  free  in  the  reaction. 

BA  +  3  CaFa  -f  3  H2SO4  =  2  BFg  -f  3  H^O  +  3  CaSO* 

Boron  fluoride  may  also  be  made  directly  by  burning  boron  in  an 
atmosphere  of  fluorine  gas. 

2  B  4-  3  F,  =  2  BF, 
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Boron  fluoride  has  a  pungent  odor.  It  has  a  strong  attraction  for  water, 
dissolving  in  it  readily,  and  even  removing  the  elements  of  water  from 
certain  carbon  compounds  to  the  extent  of  charring  them. 

When  boron  fluoride,  BFs,  dissolves  in  water,  par- 
j-p=p-B^II    tial  hydrolysis  takes  place,  and  hydrogen  borofluoride^ 

HBF4,  is  formed,  along  with  some  orthoboric  acid. 

4BF,  +  sHjO  =  3HBF4  -f  HsBOa 

This  compound,  known  sometimes  as  "  fluoboric  acid,"  which  has  not 
been  prepared  in  pure  condition,  is  a  monobasic  acid,  forming  salts  in 
which  the  hydrogen  has  been  replaced  by  a  metal,  as,  for  example, 
potassium  fluoborate,  KBF4.  It  may  be  regarded  as  a  peculiar  acid, 
resembling  metaboric  acid,  HBOj,  with  two  fluorine  atoms  taking  the 
place  of  each  of  the  two  oxygen  atoms  of  the  latter. 

Boron  ignites  spontaneously  when  brought  in  contact  with  chlorine 
with  the  formation  of  boron  trichloride,  BCls,  a  colorless  liquid. 

/CI 
2B4-3CUC1=     B~C1 

Boron  trichloride  is  most  conveniently  prepared  by  passing  a  stream  of 
dry  chlorine  through  a  porcelain  tube  containing  an  ignited  mixture 
of  boron  trioxide,  B2OS)  and  carbon. 

BjOs  4-  3C  4-  3CI2  =  2BCls  +  3CO 

Boron  trichloride  is  a  colorless  liquid  fuming  strongly  in  air,  boiling  at 
1 7°,  and  readily  hydrolyzed  on  contact  with  water,  with  the  formation 
of  boric  acid.         g^,^  +  3  H,0  =  H,BO,  +  3  HCl 

Boron  nitride,  BN,  a  white  amorphous  powder,  is  formed  when  amor- 
phous boron  or  a  mixture  of  boron  trioxide  and  carbon  is  heated  in 
nitrogen  or  ammonia. 

Boron  carbide,  BgC,  black,  crystalline,  and  exceedingly  hard,  k 
formed  when  boron  and  carbon  are  heated  together  in  the  electric 
furnace. 

Boron  hydride,  BH^,  is  known  as  a  gas,  but  only  in  mixture  with 

hydrogen. 

Boron  exists  in  free  condition  in  two  varieties,  —  an  amor- 

fliimn 

phous  black  powder,  and  in  impure  condition  as  transparent 
crystals.     Amorphous  boron  was  first  obtained  by  Gay-Lussac  by  heating 
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boron  trioxide  with  potassium.  The  element  has  more  recently  been 
prepared  by  Moissan  in  very  pure  amorphous  form,  of  specific  gravity 
2.43.  by  fusing  boron  trioxide  with  magnesium.  Crystalline  boron  of 
specific  gravity  2.63  was  prepared  by  Wohler  in  1856  by  fusing 
amorphous  boron  with  aluminium,  and  then  cooling  the  mixture,  and 
removing  the  aluminium  by  hydrochloric  acid.  During  the  cooling  the 
boron,  together  with  some  aluminium,  separated  in  large,  transparent 
crystals  which  were  left  as  a  residue  when  the  aluminium  was  removed. 
Boron  is  unacted  upon  by  air  at  ordinary  temperatures,  but  when  amor- 
phous boron  is  heated  in  air  it  is  oxidized.  Boron  is  acted  upon  by 
nitric  acid,  by  sulphuric  acid,  and  by  alkali  carbonates  in  a  state  of 
fusion ;  and  combines  directly  with  many  other  elements. 

Pbune  ^^  identify  the  presence  of  a  boron  compound  we  may 

Coloration  best  take  advantage  of  the  fact  that  the  volatile  compounds 
by  Boron  of  boron  impart  to  flame  a  fine  green  color.  In  the  case  of 
Compounds.  ^  borate,  such  as  sodium  tetraborate  (borax),  we  may  best 
carry  out  the  test  for  the  presence  of  boron  by  reducing  the  salt  to  the 
condition  of  a  fine  powder,  placing  it  in  a  porcelain  dish,  moistening  with 
concentrated  sulphuric  acid,  and  covering  with  methyl  alcohol  or  with 
ethyl  alcohol.  In  this  way  the  volatile  methyl  borate,  or  ethyl  borate, 
is  formed,  and  upon  igniting  the  alcohol  the  green  color  characteristic 
of  boron  will  be  observed  in  the  margins  of  the  flame  which  plays 
over  the  burning  liquid.  The  color  may  be  intensified  by  stirring  and 
warming  the  mixture. 

By  heating  native  orthoboric  acidj  metaboric  acidy  tetraboric 
acid,  and  boron  trioxide  are  formed.  By  fusing  boron  trioxide 
Tvith  sodium  hydroxide  or  sodium  carbonate  in  suitable  proportions^  the 
corresponding  orthoborate,  metaborate,  and  tetraborate  may  be  obtained. 
Sodium  orthoborate  is  readily  hydrolyzed  in  solution.  Sodium  metaborate 
may  be  obtained  from  sodium  tetraborate,  and  sodium  orthoborate  may  be 
made  from  sodium  metaborate ^  by  fusion  with  sodium  hydroxide.  Sodium 
metaborate  and  sodium  tetraborate  may  also  be  obtained  by  acting  upon 
sodium  hydroxide  with  boric  acid  in  proper  proportions.  The  borates  of 
the  alkali  elements  are  white  salts,  soluble  in  water  and  decomposed  by 
acids.  The  borates  of  certain  carbon-hydrogen  radicals  are  volatile  and 
impart  a  characteristic  green  color  to  flame. 

Baron  fluoride,  a  colorless  gas,  and  boron  chloride,  a  colorless ,  very  vola- 
tile liquid^  are  both  made  by  direct  combination  of  their  elements^  and 


84  OUTLINES  OF  INORGANIC  CHEMISTRY 

boron  fluoride  may  also  be  made  by  the  interaction  of  boron  trioxide  and 
hydrofluoric  acid;  hydrogen  borofluoride  is  made  by  the  hydrolysis  of 
boron  fluoride.  Other  binary  compounds  of  boron  and  other  elements 
are  known.  Boron  may  be  prepared  by  reducing  boron  trioxide  with 
potassium  or  magnesium. 

Aluminium,  Al,  27.x 

The  most  abundant  and  widely  distributed  naturally  oc- 
curring compounds  of  aluminium  are  its  silicates,  or  salts  of 
the  silicic  acids,  H4Si04,  HgSiOa,  etc.,  of  which  the  most  important  is 
kaolinite^  \i^^.§i\jdf^  white  in  color,  and  the  purest  known  form  of  clay. 
The  more  common  colored  forms  of  clay  have  a  composition  similar  to 
that  of  kaolinite,  except  that  they  contain  small  quantities  of  iron  and 
other  elements.  The  clays  result  from  the  weathering  of  certain  rocks, 
such  as  granite,  gneiss,  syenite,  etc.,  which  contain  feldspars  {orthoclase, 
KAlSi.iOn),  mica  {musco7iite,  HjKAIaSiaOia) ,  and  other  complex  aluminium 
silicates.  There  are  still  other  complex  compounds  of  aluminiuroy  of 
which  the  red  garnets^  (Mg,  Fe,  Ca)sAl2(Si04)j,  etc.,  the  yellow  topat, 
Al2F2Si04,  and  the  green  beryl^  Gl6Al4(Si03)i2' HgO,  prized  2&  precious 
stones,  are  typical.  Ultramarine  (lapis-Iazuli),  a  complex  sodium  alu- 
minium silicate  containing  sulphur,  is  found  native  in  Asia,  and  is  made 
artificially  on  a  large  scale,  its  splendid  blue  color  rendering  it  useful 
for  ornamentation.  The  turquoise  is  an  aluminium  phosphate  colored 
by  copper. 

Aluminium  When  aluminium   silicate,  H4Al2Si209  {kaoliniie\  is 

Sulphate.  heated  with  a  suitable  amount  of  concentrated  sulphuric 
acid,  a  white  gelatinous  precipitate  is  formed,  containing  roetasilicic 
acid,  HaSiOg,  which,  after  addition  of  water,  may  be  removed  by  filtra- 
tion, while  aluminium  sulphate,  A]2( 804)3,  remains  in  the  solution,  from 
which  it  may  be  recovered  in  the  form  of  thin  scales  of  pearly  luster. 
having  the  composition  Al2(S04)3«  18H2O. 

H4Al2Si,09  -f  3  H2SO4  =  AI2  (804)3  -f  2  HjSiOj  -f-  3  HjO 

When  heated,  the  crystallized  aluminium  sulphate  loses  its  water  of 
crystallization,  becoming  anhydrous  Al2(S04)s.  It  is  usually  prepared 
commercially  by  treating  clay,  or  bauxite  (impure  Al20(OH)4),  or  pure 
aluminium  hydroxide,  Al(OH)a,  with  sulphuric  acid;  also  by  treating 
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rr>v//fc,  jNaF*  AIF3,  with  calcium  hydroxide  and  then  with  sulphuric 
acid.  It  is  at  the  present  time  largely  used  in  place  of  alum.  Certain 
basic  aluminium  sulphates,  such  as  aluminite^  Al2(OH)4S04*  7  HjjO,  are 
found  native,  and  may  be  prepared  artificially. 

When  to  a  solution  of  aluminium  sulphate,  potassium 

sulphate  is  added,  the  solution  upon  evaporation  yields 

beautiful  large  octahedral   crystals  of  potassium   aluminium   sulphate ^ 

KAl (804)2*  12  HjO  (potassium  alum),  soluble  in  water,  and  possessing 

a  sweetish  astringent  taste. 

^/_o/^^o  ^-0\^/0 

\o\^^o  ,  Ar-o\^/o  _  ,    /o/^'^o 


Potassium  alum,  when  placed  over  sulphuric  acid,  loses  nine  molecules 
of  its  water  of  crystallization,  becoming  KA1(  804)2  3  H2O,  and  when 
heated  it  loses  all  the  water,  becoming  white  anhydrous  KA1( 804)2,  the 
so-called  burnt  alum.  By  adding  a  little  potassium  carbonate  to  a  hot 
solution  of  potassium  alum,  and  recrystallizing,  a  variety  may  be  obtained 
in  the  form  of  cubes  instead  of  octahedra.  Potassium  alum  occurs 
naturally  in  small  quantities  alone,  and  in  combination  in  the  mineral 
alunitf^  KAl3(OH)e(S04)2.  It  has  been  known  since  ancient  times,  and 
is  prepared  commercially  from  alunite,  and  from  the  pure  aluminium 
sulphate.  Its  property  of  crystallizing  well  facilitates  its  preparation  in 
pure  condition.     It  is  of  value  in  many  arts,  particularly  in  dyeing. 

Similar  double  compounds  of  aluminium  sulphate  with  the  sulphates 
of  other  univalent  elements  or  groups  are  known  as  alums,  since  they 
crystallize  in  octahedra  or  cubes  with  twelve  molecules  of  water,  and 
are  otherwise  similar  to  potassium  alum,  and  are  isomorphous,  a.  crystal 
of  one  kind  of  alum  continuing  to  increase  in  size  without  change  of 
form  when  placed  in  a  solution  of  an  alum  of  another  kind.  Some  sul- 
phates of  the  alkali  elements  and  elements  other  than  aluminium  are 
also  known  as  alums,  because  they  are  isomorphous  with  the  true  alums. 
Exanr)ples  of  alums  are  potassium  aluminium  sulphate  (potassium  alum), 
KAl (804)2'  12  H2O,  ammonium  aluminium  sulphate  (ammonium  alum), 
NH4A1(S04)2"  12  HjjO,  and  sodium  aluminium  sulphate  (sodium  alum), 
NaAl(S04)2  •  i2H^0.  Other  common  salts,  likewise  called  alums,  are 
ammonium  ferric  sulphate  (iron  alum),  NH4Fe(S04)2  •  12  H2O,  and  po- 
tassium chromium  sulphate  (chromium  alum),  KCr (804)2  *  12  HjO. 
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Aiuminiam  When  to  a  solution  of  aluminium  sulphate,  A1,(S04)5, 
Hydroxide,  or  of  any  soluble  salt  of  aluminium,  ammonium  hydroxide 
is  added,  a  voluminous  white  hydrogel  oi aluminium  hydroxidey  Al(OH)5, 
very  slightly  acted  upon  by  an  excess  of  the  reagent,  is  precipitated. 

AIjCSOOs  +  6  NH4OH  =  2  A1(0H)8  -f  3  (NH4):jS04 

Aluminium  hydroxide  may  also  be  formed  by  adding  to  a  solution  of 
alunwnium  sulphate  an  alkali  hydroxide,  such  as  sodium  hydrox- 
ide. In  such  cases,  however,  care  must  be  taken  to  add  the  reagent  in 
the  required  amount  only,  since  as  we  shall  see  later  aluminium  hydroxide 
is  acted  upon  by  an  excess  of  alkali  hydroxides. 

Al2(S04)3  -f  6  NaOH  =  2  A1(0H)3  +  3  ^^^O^ 

When  aluminium  hydroxide  is  moderately  heated,  it  loses  one 
molecule  of  water,  forming  an  aluminium  oxyhydroxide,  AIO(OH). 

Al(0H)3  =  AIO(OH)  4-  H2O 

The  normal  aluminium  hydroxide  is  found  native  as  gibbsite^  Al(OH),, 
while  the  oxyhydroxides,  diaspore,  AIO(OH),  and  bauxite^  ^^^(OW)^ 
the  latter  containing  some  iron  oxide,  are  also  well-known  minerals. 

Freshly  precipitated  aluminium  hydroxide  acts  like  a  weak  acid  since 
it  will  neutralize  strong  bases  with  the  formation  of  salts  in  which 
aluminium  is  a  constituent  of  the  negative  ion ;  and  it  also  behaves  as 
a  weak  base,  neutralizing  acids  with  the  formation  of  salts  in  which 
aluminium  is  positive. 

.  Aluminium  hydroxide  neutralizes  strongly  basic  hydroxides 

with  formation  of  aluminates  —  salts  in  which  aluminium 
is  a  constituent  of  the  negative  ion. 

Thus,  when  to  freshly  precipitated  aluminium  hydroxide,  held  in 
suspension,  is  added  a  solution  of  sodium  hydroxide,  the  precipitate 
disappears,  forming  a  clear  solution,  from  which,  by  evaporation  in  a 
vacuum  and  treatment  of  the  residue  with  alcohol,  a  sodium  aluminate 
of  the  composition  NaAlOo,  corresponding  to  metaluminic  acid,  H  AlO^ 
may  be  obtained. 

Na-O-H  -f  H-0)A1  =  iV^^-0-Al=0  +  2H-O-H 
Other  aluminates  of  this  type  are  known,  and  with  weaker  bases,  like 
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calcium  hydroxide,  alurninates  may  be  formed  correspoDding  to  each  of 
the  three  aluminium  hydroxides,  Al(OH)3,  AIO(OH),  A1,0(0H)4. 

The  aluminates  are  readily  decomposed  by  acids,  and  even  by  carbon 
dioxide,  CO2,  with  the  formation  of  a  very  basic  carbonate,  or,  in 
boiling  solution,  of  aluminium  hydroxide. 

2  NaAlOo  +  CO,  4-  3  HgO  =  2  Al  (0H)3  -f  NajCO, 

Some  aluminates  are  insoluble  in  water  and  may  be  produced  as  pre- 
cipitates by  adding  suitable  salts  to  solutions  of  aluminates.  Thus, 
when  to  a  solution  of  sodium  aluminate,  NaAlO^,  a  soluble  calcium 
compound,  like  calcium  chloride,  CaClj,  is  added,  a  precipitate  of 
white  calcium  aluminate,  Ca(A102)2,  is  obtained. 

2  NaAlOa  -f  CaClj  =  Ca(AIO,)j  -f  2  NaCl 

Strontium  aluminate,  Sr(A102)2f  and  barium  aluminate,  Ba(A102)2,  are 
similarly  formed.  Many  aluminates  are  found  native  as  crystallized 
minerals,  such  as  spinel,  Mg(A102)2,  chrysoderyl,  G1(A102)2,  and  gahnite, 
Zn(A102)2.  When  soluble  aluminates  are  acted  upon  by  ammonium 
chloride,  especially  in  hot  solutions,  aluminium  hydroxide  is  formed. 

NaAlO,  -f  NH4CI  -I-  2H.O  =  A1(0H)3  -f  NaCl  +  NH4OH 

/unmfaiwm  Aluminium  hydroxide  may  be  neutralized  by  strong  acids 

Salts.  with  formation  of  salts  in  which  aluminium  is  the  positive  ion, 

Thus,  when  sulphuric  acid  is  added  to  freshly  precipitated  alumin- 
ium hydroxide,  held  in  suspension  in  water,  a  clear  solution  is  formed, 
from  which  aluminium  sulphate,  Al2(S04)3,  may  be  recovered. 


/8X8 
2:8X8=  )8X8  +  'H-°-« 

^'^><8 


,  ^/4lS  +  , -K-o^s^  =  ^S 


When  nitric  acid  acts  upon  aluminium  hydroxide,  <ar/«w/«/«»i 
niirate,  A1(N08)3,  is  formed  in  the  solution. 

O-H  r-""'^ 

Al^-Yi  +  3^-0-N^  =  ^/o-N^g  +  3H-O-H 

o-<8 
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When  hydrochloric  acid  acts  upon  aiunMnium  hydroxide,  the 
resulting  solution  contains  aluminium  chloride,  AlCl^. 

/0-H  /CI 

^/fO- -H  4- 3  ^-Cl=^/eCl -f  3  H-O-H 

X)    H  x:i 

Soluble  salts  of  aluminium  in  which  that  element  is  positive  are  more  or 
less  hydrolyzed  by  water,  their  solutions  turning  litmus  red. 
Aluminium         When  aluminium  hydroxide,  freshly  precipitated,  is 
Oxide.  heated,  it  loses  water,  forming  a  gum-Uke,  partly  dehydratetl 

mass,  which  when  fully  dehydrated  yields  aluminium  oxide,  AlfOj 
(alumina),  a  white  powder.  The  oxide  may  be  acted  upon  by  concen- 
trated acids,  if  it  has  not  been  too  strongly  heated,  but  after  ignition  at 
high  temperatures  it  becomes  exceedingly  hard  and  infusible,  and  is 
practically  unattacked  by  acids. 

2A1(0H)3  =  A1A+  3H,0 

Aluminium  oxide  is  found  native  as  corundum ;  of  which  mineral  the 
ruby  and  the  sapphire  are  transparent  and  finely  colored  varieties.  Im- 
pure corundum,  containing  some  iron  oxide,  is  used  under  the  name  of 
emery  for  abrasive  purposes,  and  artificial  corundum  is  similarly  em- 
ployed. 

Aluminium  oxide,  AI2O3,  fused  in  the  electric  arc  and  then  acted  upon 
by  the  electric  current,  breaks  down  into  aluminium  and  oxygen. 

Al=0 

2      >0  =  4Al.f3  0=0 
Al^O 

Alumin-  Aluminium  vi^is  first  prepared  by  Wohler,  in  1827,  by  the 

ium.  reduction  of  aluminuim  chloride,  AICI5,  by  potassium,  and 

in  1856  it  was  made  commercially  by  St.  Claire-Deville  by  the  reduction 
of  a  double  chloride  of  aluminium  and  sodium,  in  the  presence  of  cryo- 
lite, with  sodium ;  and  later  the  metal  was  reduced  from  a  fused  bath 
of  cryolite  and  sodium  chloride  by  sodium. 

NaCl  •  AICI3  +  3  Na  =  4  NaCl  +  AI 

The  process  of  reduction  by  sodium  has  now  been  replaced  by  the 
electrolytic  methods  of  Hdroult  and  Hall,  which  consist  essentially  in 
decomposing  by  a  current  of  low  voltage  and  of  quantity  high  enough  to 
sustain  the  necessary  temperature  a  bath  made  by  fusing  together  alu- 
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mina  and  cryolite.  Under  the  action  of  the  current,  aluminium  is 
separated  at  the  cathode  while  oxygen  is  liberated  at  the  anode.  The 
aluminium  and  oxygen  thus  removed  from  the  bath  are  replaced  by 
the  addition  of  alumina  from  time  to  time,  thus  making  the  process 
continuous. 

Aluminium  is  a  white  lustrous  metal,  very  ductile  and  malleable.  It 
is  very  slightly  affected  by  air  at  ordinary  temperatures,  and  it  oxidizes 
only  with  difficulty  when  strongly  heated.  It  is  practically  without  action 
upon  water  at  any  temperature.  It  conducts  electricity  readily.  It  is 
the  lightest  of  the  useful  metals,  its  specific  gravity  being  2.58.  It  melts 
when  heated  at  660°,  but  is  not  vaporized.  On  account  of  its  perma- 
nency and  beautiful  luster  aluminium  is  sometimes  employed  for  making 
vessels  and  ornamental  objects,  and  its  alloys  with  other  elements  are 
very  useful.  Aluminium  bronze,  consisting  of  copper  with  from  5  to  1 2 
per  cent,  of  aluminium,  has  the  color  anci  luster  of  burnished  gold,  and 
is  valuable  because  of  its  hardness  and  durability,  and  its  property  of 
not  shrinking  in  the  process  of  casting. 

Aluminium  in  the  form  of  powder  has  recently  found  new  use  as  a 
reducer  of  metals  from  their  oxides,  the  heat  of  formation  of  aluminium 
oxide  being  so  high  that  the  reaction  between  aluminium  and  many 
oxides  when  once  started  by  heat  is  kept  up  spontaneously,  while  the 
aluminium  oxide  produced  is  melted  to  a  mass  which  crystallizes  on 
cooling.  The  heat  of  reaction  between  aluminium  and  ferric  oxide  has 
found  useful  application  in  the  Goldschmidt  process  for  welding  iron 
and  steel. 

Aluminium  is  acted  upon  by  strong  bases  with  the  formation  of 
aiuminates  of  the  positive  elements  of  the  bases,  and  the  evolution  of 
hydrogen.  When  aluminium  is  warmed  with  sodium  hydroxide  in 
solution,  sodium  aluminate^  NaAlOg,  is  formed,  and  hydrogen  is  evolved. 

2  Al  +  2  NaOH  -f  2  H2O  =  2  NaAlOa  +  3  H, 

Abiminium  is  acted  upon  by  common  acids,  with  the  exception  of  nitric 
acid^  with  evolution  of  hydrogen  and  the  formation  of  salts  in  which 
aluminium  is  the  positive  ion.  When  aluminium  is  acted  upon  by 
diluted  sulphuric  acid,  hydrogen  is  slowly  evolved,  and  aluminium 
sulphate^  Ni^i^^zi  remains  in  solution. 

a  Al  +  3HaS04  =  A1,(SOO,  +  3H2 
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When  aluminium  is  attacked  by  hydrochloric  acid,  hydrogen 
is  liberated  and  alt4minium  chloride^  AlCls,  is  formed  in  solution. 

2  Al  -f  6  HCl  =  2  AICI3  -f  3  H, 

Nitric  acid  acts  slowly  and  superficially  upon  aluminium,  coating  the 
surface  with  a  thin  film  of  aluminium  oxide.  The  carbon  acids,  such  as 
acetic  acid,  H(C2H302),  act  upon  pure  aluminium  only  slightly. 

.^  Aluminium  chloride^  AlClj,  which,   as  we  have   seen,  is 

Ai—z\  readily  made  in  solution  by  acting  upon  aluminium  hydrox- 

ide or  upon  aluminium  with  hydrochloric  acid,  may  also  be 
formed  in  anhydrous  condition  by  the  direct  union  of  its  constituent 
elements.  Thus,  when  aluminium  is  heated  in  a  stream  oT  chlorine, 
the  aluminium  chloride  is  formed  as  a  white  mass,  which,  after  subli- 
mation, condenses  as  white  hexagonal  leaflets. 

2  Al  +  3  CI2  =  2  AlCl, 

Aluminium  chloride  may  also  be  formed  by  heating  in  a  stream  of 
chlorine  a  mixture  of  aluminium  oxide  and  carbon. 

AI2O3  4-  3C  -f  3CI2  =  2AI  +  2AICI3  4-  3CO 

Aluminium  chloride  fuses  only  at  high  pressure  and  at  a  temperature  of 
1 93°- 1 94°.  At  ordinary  pressure  it  boils  at  183**  before  fusing.  It  \i 
hygroscopic  and  deliquescent.  It  may  be  crystallized  with  six  mole- 
cules of  water,  AICI3  •  6  H2O,  by  saturating  the  water  solution  with  hydro- 
chloric acid.  When  its  solution  in  water  is  evaporated,  it  decomposes 
hydrolytically  with  the  formation  of  a  basic  aluminium  chloride,  which, 
upon  further  heating,  yields  aluminium  oxide,  AI2O3,  and  hydrochloric 

^^^^"  2  AlClj  -f  3  H2O  =  AI2O3  -f  6  HCl 

It  forms  many  double  chlorides  and  other  double  salts," such  as  AlCV 
NaCl,  AICI3  •  PCI5,  AlClg .  POClg.  With  ammonia  gas  it  forms  a  yellow 
powder  having  the  composition  AICI3  •  3  NH3.  Aluminium  chloride  is 
useful  in  the  laboratory  as  a  catalyzer  in  synthesizing  organic  com- 
pounds. 

The  determinations  of  the  vapor  density  of  aluminium  chloride  have 
thrown  imi^ortant  light  upon  its  molecular  weight  and  constitution.  In 
1857,  Deville  and  Troost  found  that  its  vapor  density  at  440°  corre- 
sponds to  the  symbol  AljClo,  a  result  confirmed  later  by  Friedel  and 
Crafts,  who  determined  the  vapor  density  at  from  218®  to  440".     In 
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1887,  however,  Nilson  and  Peterson  found  that  at  high  temperatures 
above  760°  the  specific  gravity  of  aluminium  chloride  corresponds  to 
the  symbol  AlCIg.  In  solutions  in  inert  media  the  symbol  of  aluminium 
chloride  seems  to  be  AljCle,  while  in  solution  in  active  media,  like  water, 
the  molecule  corresponds  to  the  symbol  AlCls. 

From  the  native  aluminium  silicate y  by  action  of  sulphuric 
cuidy  white  soluble  aluminium  sulphate  may  be  formed. 
Double  sulphates  of  aluminium  and  other  elements^  known  as  alums, 
white  and  soluble  in  water,  may  also  be  formed.  From  aluminium  sul- 
phate solution  white  gelatinous  aluminium  hydroxide  may  be  precipitated. 
Aluminium  hydroxide  will  interact  with  alkali  hydroxides  to  form  soluble 
aluminates  and  with  common  acids  to  form  soluble  aluminium  salts. 
Aluminium  hydroxide  may  be  decomposed  by  heating,  with  formation  of 
aluminium  oxyhydroxides  and  finally  of  insoluble  aluminium  oxide.  By 
the  reduction  of  aluminium  oxide  with  carbon,  or  by  electrolytic  methods, 
aluminium  may  be  obtained.  Aluminium  reacts  with  acids  to  form 
aluminium  salts,  and  combines  with  chlorine  to  form  soluble  aluminium 
chloride,  hydrolyzed  in  solution  by  heating. 

Scandium,  Sc,  44.1 

Scandium  Ts  not  known  uncombined,  but  scandium  oxide  and  derived 
salts  were  prepared  in  1879  by  Nilson  from  the  vamtxdX^  gadolinite  and 
euxenite,  in  the  course  of  repeated  cycles  of  operations  involving  the 
formation  and  partial  decomposition  by  heat  of  nitrates  and  the  extrac- 
tion of  residues  by  boiling  water.  Scandium  oxide,  ScjOg,  is  white  and 
infusible,  and  from  it  may  be  prepared  compounds  in  which  scandium 
is  a  trivalent  positive  ion.  Such  are  scandium  nitrate ,  Sc(N03)8,  scan- 
dium  sulphate,  ^iC^i^O^'^,  scandium  potassium  sulphate,  Sc^i^O^  •  3  K2SO4, 
scandium  chloride,  ScClg,  known  in  solution,  and  scandium  hydroxide, 
Sc(OH)s,  white  and  gelatinous,  precipitated  by  alkali  hydroxides  from 
solutions  of  scandium  salts  and  insoluble  in  excess  of  the  precipitant. 
The  spark  spectrum  of  scandium  chloride  is  characteristic. 

Yttrium,  Yt,  89.0 

Yttrium  oxide  was  discovered  as  a  constituent  of  the  mineral  gado- 
Unite  by  Mosander  in  1843.  ^7  suitable  fractional  treatment  of  salts 
prepared  from  the  oxides  of  gadolinite,  yttrium  compounds  may  be  iso- 
lated. For  this  purpose  fractional  precipitation  of  solutions  by  potas- 
sium chromate,  or  fractional  solution  by  ammonium  carbonate,  of  the 


i 
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precipitated  hydroxides,  followed  by  fractional  precipitation  of  the  solu- 
tions by  acetic  acid,  are  effective  methods.  The  yttrium  hydroxide, 
possibly  Yt(OH)j,  resulting  from  the  latter  procedure  or  precipitated  by 
ammonium  hydroxide  from  any  suitable  solution  of  an  yttrium  salt,  or 
yttrium  oxide,  YtjOs,  may  serve  for  the  preparation  of  salts  in  which 
yttrium  appears  as  a  trivalent  positive  ion. 

Yttrium  oxide^  YtjOg,  white  and  infusible,  is  obtained  by  ignition  of 
the  hydroxide  ;  yttrium  chloride ^  YtCla,  may  be  obtained  by  ignition  of 
the  oxide  with  carbon  in  an  atmosphere  of  chlorine  ;  the  hydrated  yttrium 
chloride^  YtCla  •  6  HjO,  may  be  obtained  by  the  action  of  hydrochloric 
acid  upon  the  oxide  ;  yttrium  nitrate^  Yt(N08)3  •  6  HjO,  is  crystalline  and 
deliquescent;  yttrium  sulphate^  Yt2(S04)3  •  8  H2O,  and  yttrium  potas- 
sium sulphate^  Yt2( 804)3  *  3  KjS04,  are  also  known. 

Yttrium  is  obtained  in  free  condition  by  electrolysis  of  anhydrous 
yttrium  chloride,  YtClg,  as  a  gray  powder  capable  of  decomposing  water, 
slowly  in  the  cold  and  more  rapidly  when  hot.  The  solution  of  yttrium 
chloride  gives  a  brilliant  and  complex  spark  spectrum. 


Lanthanum,  La,  138.9 

Lanthanum  oxide,  La^Os,  ^^  isolated  by  Mosander  in  1839  ^™  ^^^ 
constituent  oxides  of  the  mineral  cerite^  and  from  it  may  be  prepared 
the  anhydrous  lanthanum  chloride^  LaCl^.  Lanthanum,  lustrous  and 
white,  oxidizable  and  combustible  in  air,  of  specific  gravity  6.16,  may 
be  obtained  by  the  electrolysis  of  the  fused  chloride ;  lanthanum  oxide, 
LajOj,  obtained  by  ignition  of  the  metal,  of  the  hydroxide,  or  of  salts 
decomposable  by  heat,  is  white,  and  is  attacked  by  water  with  formation 
of  the  hydroxide ;  lanthanum  hydroxide,  La(OH)3,  slightly  soluble  in 
water,  is  easily  attacked  by  acids,  even  by  carbonic  acid,  forming  sails ; 
crystalline  hydrated  lanthanum  chloride,  LaClj  •  7  HjO,  is  obtained  by 
evaporating  over  sulphuric  acid  the  solution  of  the  hydroxide  in  hydro- 
chloric acid,  and  upon  heating  in  an  atinosphere  of  hydrogen  chloride 
forms  the  fusible  anhydrous  lanthanum  chloride,  LaCl^ ;  lanthanum  ni- 
trate, La(N08)8  •  6  H2O,  lanthanum  sulphate,  La2(S04)s  •  9  HjO,  and 
lanthanum  potassium  sulphate,  La2( 804)3*  3  K^04,  are  easily  prepared. 
Salts  of  lanthanum  show  no  absorption  spectra,  but  the  chloride  gives  a 
brilliant  and  complex  spark  spectrum. 
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Carbon,  C,  12.00 

Silicon,  Si,  284 

Titanium,  Ti,  48.1 

Zirconium,  Zr,  90.6 

Cerium,  Ce,  140.25 

Thorium,  Th,  232.5 

Of  the  elements  of  the  fourth  group  of  the  primary  series 
only  carbon  is  found  in  free  condition.  All  are  found  in 
combination,  carbon  and  silicon  compounds  being  wi'Iely  distributed  in 
the  solid  crust  of  the  earth,  while  the  compounds  of  titanium,  zirconium, 
ceriuna,  and  thorium  are  found  in  small  amounts  in  a  few  rare  minerals. 
The  elements  of  the  group  all  may  be  prepared  from  their  compounds, 
carbon,  silicon,  titanium,  and  zirconium  existing  in  allotropic  modifica- 
tions. All  the  elements  of  the  group  are  more  or  less  easily  oxidized 
when  heated  in  air  or  oxygen.  In  their  chemical  properties,  carbon 
and  silicon  stand  apart  from  the  other  elements  of  the  group  in  that 
they  are  more  electro- negative,  their  hydroxides  like  boron  hydroxide 
being  distinctively  acidic,  neutralizing  bases  to  form  salts,  the  carbonates 
and  silicates,  in  which  carbon  and  silicon  are  constituents  of  negative 
ions.  On  the  other  hand,  the  hydroxides  and  oxides  of  titanium  and 
zirconium  act  both  as  acids  and  as  bases,  and  the  hydroxides  and  oxides 
of  cerium  and  thorium,  like  those  of  the  more  electro-positive  elements, 
are  basic  only. 

.  Carbon  occurs  in  three  forms,  —  the  transparent  colorless 

Ponns  of        diamond  and  the  black  graphite,  which  are  found  native, 
Carbon.  g^i^^j  ^^  common  black  amorphous  carbon  (soot,  charcoal), 

produced  by  decomposing  animal  or  vegetable  substances  by  heating 
out  of  contact  with  air.     All  these  forms  of  carbon  are  attacked  only  by 

93 
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Carbon  acids  which  effect  oxidation.     When  carbon  is  heated  in  an 

Compounds,  abundance  of  air  it  forms  carbon  dioxide^  COj,  which  is  found 
naturally  everywhere  in  the  world  as  a  constituent  of  atmospheric  air. 
The  principal  carbon  compounds  found  in  the  earth's  crust  are  the  car- 
bonates^ chiefly  limestone  or  impure  calcium  carbonate,  and  the  hydrocar- 
bons, consisting  of  hydrogen  and  carbon,  and  occurring  in  natural  gas, 
petroleum,  coal  and  other  fossilized  vegetable  remains.  All  vegetable 
and  animal  matters  contain  carbon  compounds.  The  solution  of  carbon 
dioxide,  CO^,  in  water,  known  as  the  unstable  carbonic  acid,  HjCOj,  in- 
teracts with  most  bases  to  form  carbonates,  salts  in  which  carbon  is  a 
constituent  of  the  negative  ion.  In  certain  binary  carbon  compounds 
like  carbon  tetrachloride,  CCI4,  and  carbon  disulphide,  CS^,  carbon  is 
the  positive  ion. 

Silica  and  Silicon  does  not  occur  uncombined  in  nature ;  when  pre- 

Silicates.  pared  it  is  seen  as  a  brown  amorphous  powder,  or  as  grayish 
black  lustrous  crystals,  unattacked  by  ordinary  acids,  acted  upon  by 
hydrofluoric  acid.  Next  to  oxygen,  silicon  is  the  most  abundant  ele- 
ment known  in  combination,  since  it  is  the  principal  constituent  of 
quartz,  SiOg,  feldspar,  {orthoclase,  KAlSiyOg,  albite,  NaAlSijOg,  an<*r- 
thite,  CaAl2Si208),  mica  {muscovite,  HaKAlgSi.Oia) ,  and  the  many  other 
minerals  which  compose  the  common  rocks  of  the  earth's  crust.  Tre 
greater  number  of  the  minerals  containing  silicon  are  silicates,  salts  o: 
the  unstable  orthosilicic  acid,  H4Si04,  and  its  derivates,  in  which  silicno 
is  in  the  negative  ion.  In  silicon  fluoride  and  silicon  chloride,  anJ 
other  binary  compounds,  silicon  is  the  positive  ion. 
Rare  Titanium,  zirconium,  cerium,  and  thorium,  like  the  rare 

Earths.  elements  of  the  preceding  group,  are  known  as  rare  earO. 

elements,  since  they  are  found  only  in  small  quantities  in  a  few^  rar:? 
earthy  minerals,  such  as  rutile,  TiO,,  zircon,  ZrSi04,  and  the  compki 
cerite  and  thorite.  The  oxides  of  these  elements  possess  the  propertr 
of  glowing  brightly  when  heated,  which,  in  the  case  particularly  of  tho- 
rium oxide,  is  turned  to  account  for  lighting  purposes  in  gas  burner^ 
of  the  Welsbach  type.  The  hydroxides  of  titanium,  zirconium,  ceriura, 
and  thorium,  all  insoluble  substances,  act  as  weak  bases,  forming  salt- 
with  the  strong  acids,  while  titanium  and  zirconium  act  also  as  weak 
acids,  forming  salts  with  strong  bases. 

All  of  the  elements  of  the  second  group  of  the  primary  series  fonr 
compounds  by  direct  combination  with  other  elements. 
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In  most  compounds  the  elements  of  the  group  have  an  indicated 
valence  of  IV,  although  the  utilized  valence  is  frequently  less. 


Carbon^  C,  12.00 

Carbon  and  Carbon  is  known  in  three  allotropic  forms, — the  hard  trans- 
its Com-  parent  and  very  refractive  diamond^  the  soft  black  graphite ^ 
^""    '  and  the  black  amorphous  carbon^  of  which  the  commonest 

form  is  ordinary  charcoal.  All  three  forms  of  carbon  are  solid  at  all 
ordinary  temperatures,  volatile  only  at  the  extremely  high  temperatures 
of  the  electric  arc,  unaffected  by  solvents,  and  oxidized  when  heated 
suitably  in  air  or  oxygen.  In  other  respects,  however,  the  three  modifi- 
cations show  important  differences,  as  we  shall  see  when  we  study  them 
individually.  In  combination,  carbon  occurs  naturally  in  carbohydrates, 
containing  carbon,  hydrogen,  and  oxygen,  including  cellulose,  starch,  and 
the  sugars,  and  in  iht  proteidSy  containing  carbon,  hydrogen,  oxygen,  and 
nitrogen,  and  in  similar  compounds  containing  these  and  other  elements, 
and  found  like  the  carbohydrates  and  proteids  in  vegetable  and  animal 
bodies ;  in  hydrocarbons j  containing  carbon  and  hydrogen,  and  forming 
the  principal  constituent  of  coal,  petroleum,  natural  gas,  and  other  min- 
eral products  produced  from  vegetable  matter  by  geological  agencies ; 
in  carbon  dioxide^  CO2,  present  in  small  and  variable  amounts  in  the 
atmosphere  ;  and  in  the  carbonates j  principally  calcium  carbonate,  CaCOg, 
and  magnesium  carbonate,  MgCOs,  present  in  large  £^reas  of  the  earth's 
solid  crust. 

Diamond  is  a  transparent,  crystalline,  and  highly  refractive 
mineral.  It  is  the  hardest  known  substance.  It  is  ordina- 
rily colorless,  although  sometimes  it  is  slightly  tinted  by  the  presence  of 
impurities.  It  has  a  specific  gravity  of  3.5.  When  heated  strongly  in 
air  or  oxygen  it  becomes  completely  oxidized.  At  extremely  high  tem- 
peratures, such  as  those  which  may  be  produced  between  the  termi- 
nals of  an  electric  arc,  it  becomes  soft  and  is  transformed  into  graphite. 
It  is  unattacked  by  ordinary  reagents.  Since  ancient  times  the  diamond 
has  been  prized  for  its  great  beauty,  which  is  enhanced  by  cutting  and 
polishing  its  natural  surface,  giving  it  many  facets  which  permit  it  to  dis- 
perse the  light  in  all  directions.  The  unit  of  weight  employed  in  esti- 
mating the  value  of  diamonds  is  the  "  diamond  caret,''  which  is  equal  to 
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0.2054  grams.     At  present  most  of  the  diamonds  of  the  world  arc  foimd 

in  the  alluvial  soils,  as  in  the  Kimberley  region  in  South  Africa. 

Diamond  has  been  prepared  artificially  by  Moissan,  who  obtained  it 

by  dissolving  carbon  in  molten  iron,  and  suddenly  cooling  the  mixture, 

when  the  most  of  the  carbon  separated  as  graphite,  while  some  of  the 

carbon,  under  the  great  pressure  caused  by  the  expansion  of  the  interior 

of  the  mass  as  it  cooled  against  the  already  cooled  and  rigid  outer  shell, 

formed  small  diamond  crystals. 

Graphite  is  found  widely  distributed  in  granular  condi- 
GrApliito. 

tion  in  granite  and  other  igneous  rocks.     It  is  sometimes 

found  as  an  amorphous  grayish  black  lustrous  mass,  and  occasionaUy 
it  occurs  in  hexagonal  crystals.  It  has  a  specific  gravity  of  2.25.  It 
readily  conducts  heat  and  electricity.  When  heated  in  an  atmosphere 
of  oxygen  it  burns  with  great  difficulty.  It  is  soft  and  is  used  to  lubri- 
cate machinery.  It  makes  a  dark  gray  or  black  streak  when  rubbed  on 
light  colored  surfaces,  and  it  is  therefore  employed  in  the  manufacture 
of  lead  pencils.  It  was  once  supposed  to  contain  lead,  and  was  there- 
fore called  "  plumbago  "  or  **  black  lead."  It  is  mined  in  Siberia  and 
in  California.  It  may  be  made  artificially  by  heating  carbides  of  the 
metals,  or  coke  with  intermixed  oxides  of  the  metals,  in  the  electric 
furnace.  Graphite  thus  made  is  largely  employed  for  electrodes. 
Amorphons  Amorphous  carbon  may  be  produced  by  heating  vegetable 
Carbon.  or  animal  substances,  or  products  derived  from  these,  oat 

of  free  contact  with  the  air,  the  nature  of  the  amorphous  carbon  pro- 
duced depending  upon  the  materials  selected  for  heating.  Thus,  when 
certain  oils,  such  as  turpentine,  C,oHi6,  a  hydrocarbon  derived  from 
resinous  material  and  rich  in  carbon,  are  burned,  the  resulting  flame  is 
smoky,  depositing  on  adjacent  objects  a  thick  coating  of  soot  (lamp- 
black) which  is  largely  soft  amorphous  carbon.  A  similar  deposit 
may  be  obtained  when  common  coal  oil  (kerosene),  less  rich  in  carbon 
than  turpentine,  is  allowed  to  burn  in  a  supply  of  air  insufficient  to  effect 
its  complete  oxidation.  Lampblack  is  an  ingredient  of  printer's  ink  and 
of  some  paints,  and  is  used  in  calico  printing. 

When  coal,  a  fossil  mineral  consisting  of  a  roixtme  of 
many  different  hydrocarbons,  and  containing  from  50  to  9S 
per  cent,  of  pure  carbon,  together  with  some  hydrogen,  oxygen,  nitro- 
gen, and  sulphur,  is  submitted  to  dry  distillation^  eg,  is  heated  to  red- 
ness  in   especially  constructed  retorts   out  of  contact   with  air,  ibe 
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hydrocarbons  are  volatilized,  and  a  grayish  or  black  porous  residue, 
known  as  coke^  is  obtained.  Coke,  like  coal,  is  largely  employed  as  a 
fuel.  It  ignites  at  a  higher  temperature  than  coal,  and  burns  without 
evolving  smoke.  In  the  back  part  of  the  retort  in  which  the  coal  is  dis- 
tilled the  high  temperature  sometimes  causes  the  decomposition  of  a 
portion  of  the  gaseous  hydrocarbons  which  are  evolved,  forming  on  the 
walls  of  the  retort  a  gray  or  black  deposit  of  amorphous  carbon  in  com- 
pact condition  (gas  carbon),  which  has  a  specific  gravity  of  2.3,  readily 
conducts  electricity,  and  is  largely  employed  in  the  manufacture  of 
electrodes  and  battery  plates. 

All  vegetable  and  animal  bodies  contain  carbon  as  an 
essential  constituent.  When  woody  fiber,  which  consists 
principally  of  cellulose^  (CigHaoOio)^  a  carbohydrate,  is  subjected  to  dry 
distillation,  it  is  decomposed,  setting  free  gaseous  hydrocarbons,  and 
leaving  a  residue  of  wood  charcoal,  which  is  a  black  porous  substance, 
tasteless  and  odorless,  having  a  specific  gravity  of  1.57.  Wood  char- 
coal is  manufactured  by  heating  wood  at  carefully  regulated  tempera- 
tures in  covered  heaps  known  as  charcoal  kilns,  or  in  closed  iron  retorts. 
It  is  readily  combustible,  and  when  pure  burns  without  flame  or  smoke. 
It  is  largely  used  as  a  fuel.  It  is  employed  in  metallurgical  operations 
as  a  reducing  agent.  When  animal  tissues,  which  differ  from  the  woody 
material  principally  in  the  fact  that  they  contain  considerable  quantities 
of  nitrogen,  are  subjected  to  dry  distillation,  they  are  partially  oxidized, 
and  a  residue  of  black  animal  charcoal,  consisting  of  carbon,  together 
with  some  nitrogen  compounds,  is  formed.  By  heating  bones  in  a 
closed  retort  and  treating  the  earthy  constituents  of  the  bones  with 
acid,  a  variety  of  animal  charcoal  known  as  bone  black  is  obtained. 
Both  wood  charcoal  and  animal  charcoal,  on  account  of  their  extreme 
porosity,  are  useful  as  filters  for  liquids  and  possess  the  property  of 
absorbing  gases  with  great  readiness. 

Carbon  ^^  compounds  of  carbon  with  oxygen  are  two  in  num- 

oxi^*9,  ffgfr^  —  carbon  dioxide  and  carbon  monoxide. 

Carbon  Carbon  dioxide  may  be  made  by  completely  oxidizing  car- 

J^*<***^'  bon,  either  directly  by  burning  it  in  an  excess  of  air  or 
oxygen^  or  by  heating  it  with  a  suitable  oxide.  When  the  common  amor- 
phous carbon  (charcoal  or  coke)  bums  in  an  excess  of  air  or  oxygen, 
carbon  dioxide,  COj,  is  formed. 

H 
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c  +  0=0  =  c/g 


^O 

The   same  compound   may  be  formed  when  a  current  of  steam  is 
passed  through  a  mass  of  charcoal  or  coke,  heated  to  incandescence, 

2  H-O-H  +  C  =  C^Q  H-  2  H-H 

and  when  an  intimate  mixture  of  an  oxide  of'  a  metal,  such  as  copper 
oxide,  CuO,  and  carbon,  is  heated  to  redness. 


2  Cu=0  H-  C  =  2  Cu  +  v^Q 

Carbon  dioxide  may  be  set  free  from  some  compounds ^  which  contain 
carbon  and  oxygen.  When  a  carbonate,  such  as  calcium  carbonate, 
CaCOs  (limestone,  marble),  is  ignited  at  red  heat,  carbon  dioxide  is 
evolved,  ^  ^. 

Ca<(Q)>C  =  0  =  Ca=0  H-  C^ 

and  the  gas  is  also  liberated  when  a  carbonate  is  acted  upon  by  an  acid 
such  as  hydrochloric  acid. 

Ca<g>C=0  +  «lg  =  Ca<g  +  H-O-H  + 

Both  of  these  methods  are  employed  for  the  manufacture  of  carbon 
dioxide  for  commercial  purposes.     For  the  uses  of  the  laboratory,  car- 
bon dioxide  is  prepared  by  acting  upon  broken  bits  of  marble,  contained 
in  a  Kipp  generator,  with  hydrochloric  acid. 
^  Carbon  dioxide  is  a  colorless,  odorless  gas.     It  has  a 

\o  specific  gravity  of  44.     It  is  about  1.5  times  as  heavy  as 

air,  and  may  therefore  be  poured  downward  into  a  vessel  filled  with  air. 
It  is  ordinarily  inert  chemically,  being  uninflammable,  and  incapable  of 
supporting  the  combustion  of  ordinary  combustibles.  A  burning  taper 
plunged  into  a  vessel  containing  carbon  dioxide  is  extinguished. 

Carbon  dioxide  exists  free  in  the  atmosphere,  of  which  it  forms  onii- 
narily  three  hundredths  of  one  per  cent,  by  volume.  The  air,  in  regions 
where  large  quantities  of  coal  or  other  carbonaceous  fuel  are  burnevl. 
may  contain  a  considerably  larger  amount  of  carbon  dioxide.  Carbon 
dioxide  is  a  product  of  animal  respiration,  and  consequently  the  air  of 
crowded  rooms,  which  has  become  close  and  "  stuffy,"  may  contain  as 
high  as  one  tenth  of  one  per  cent,  by  volume  of  carbon  dioxide.     Thf 
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leaves  of  living  plants,  however,  through  the  agency  of  the  green  chloro- 
phyl  which  they  secrete,  possess  the  property  of  absorbing  carbon 
dioxide  and  assimilating  the  carbon,  while  exhaling  the  oxygen,  thus 
restoring  to  the  air  the  oxygen  removed  by  combustion  and  animal 
respiration.  In  coal  mines  large  quantities  of  carbon  dioxide  sometimes 
collect  in  the  lower  levels,  where  it  is  known  as  choke  damp.  Although 
carbon  dioxide  is  not  poisonous,  air  containing  a  few  per  cent,  of  carbon 
dioxide  will  produce  suffocation. 

At  its  critical  temperature,  30.9°,  carbon  dioxide  requires  a  pressure 
of  77  atmospheres  to  liquefy  it,  this  being  therefore  its  critical  pressure. 
At  the  ordinary  atmospheric  temperature,  carbon  dioxide  may  be  lique- 
fied by  a  pressure  of  from  50  to  60  atmospheres.  Liquid  carbon  diox- 
ide is  light,  colorless,  and  mobile.  When  liquid  carbon  dioxide,  held 
in  a  vessel  under  pressure,  is  allowed  to  escape  into  air  under  ordinary 
pressure,  p3rt  of  it  volatilizes  and  part  solidifies  to  a  white  snowy 
mass  of  solid  carbon  dioxide,  which  vaporizes  slowly  in  the  air,  pro- 
ducing a  temperature  of  —  78°  at  ordinary  pressure.  When  liquid  car- 
bon dioxide,  confined  in  a  glass  tube,  is  further  cooled  by  a  mixture  of 
the  snowy  solid  carbon  dioxide  and  ether,  it  forms  a  transparent  icelike 
mass,  which  will  melt  at  about  —  60°.  Liquid  carbon  dioxide  is  com- 
monly confined  in  wrought-iron  cylinders,  and  finds  use  in  many  technical 
operations. 

At  ordinar}'  temperature  and  at  any  pressure  carbon  dioxide  will  dis- 
solve in  water  to  an  amount  nearly  equal  in  volume  to  that  of  the 
water.  Since,  however,  the  amount  of  a  gas  in  a  given  volume  varies 
directly  as  its  pressure,  it  follows  that  at  a  given  temperature  the  weight 
of  carbon  dioxide  held  in  a  solution  is  proportional  to  the  pressure  under 
which  the  solution  is  made.  When  the  pressure  of  such  a  solution  is 
lowered,  some  of  the  dissolved  carbon  dioxide  escapes.  The  so-called 
soda  water  or  carbonated  water,  and  ckampa^e,  and  some  other  wines, 
contain  carbon  dioxide  under  pressure,  and  the  effervescence  of  such 
liquids  when  the  pressure  is  released  is  due  to  the  escape  of  the  carbon 
dioxide.  Many  natural  spring  waters  contain  carbon  dioxide  in  solution 
under  pressure. 
^    .     ,  The  solution  of  carbon  dioxide  in  water  acts  like  an  un- 

Carbonlc 

Acid;  stable  dibasic  acid.     So  we   name   it  carbonic   acid,  and 

assume  for  the  solution  the  symbol 


Carbonate*. 
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Carbonic  acid  interacts  readily  with  strong  bases  with  the  formation  of 
water  and  neutral  or  acidic  carbonates  in  which  carbon  is  in  the  ncgatin 
ion.  Thus,  carbonic  acid  forms  with  sodium  hydroxide  soluble 
acidic  sodium  hydrogen  carbonate^  NaHCOg, 

and  then,  by  the  further  action  of  sodium  hydroxide  on  the  acidic  car- 
bonate, soluble  neutral  sodium  carbonate,  NajCOa,  results. 

Na-O-n  +  ^lg>C=0  ^  :;glg>C=0  +  H-O-H 

Many  insoluble  carbonates  may  be  similarly  formed.  Thus,  when 
carbonic  acid  is  added  to  a  solution  of  calcium  hydroxide,  insolu- 
ble calcium  carbonate,  CaCOg,  is  formed  as  a  white  precipitate. 

^^<^0-H  "^  iylo)'^^^  =  ^«<S)C=0  H-  2  H-O-H 

If  the  carbonic  acid  is  added  to  the  calcium  hydroxide  in  very  small 
amount,  as  when  clear  limewater  is  allowed  to  stand  in  the  air  of  a  liv- 
ing room,  the  precipitate  produces  an  incrustation  on  the  surface  of  the 
limewater ;  and  when  air  from  the  lungs  is  allowed  to  bubble  through 
clear  limewater  the  precipitate  is  formed,  and  produces  a  turbidity  in 
the  limewater. 

Many  of  the  carbonates  are  decomposed  by  heat  with  the  liberation 
of  carbon  dioxide  and  the  formation  of  the  oxide  of  a  positive  element. 
We  have  already  seen  how  calcium  carbonate  will  break  down  into  car- 
bon dioxide  and  calcium  oxide  when  strongly  heated.  The  soluble  car- 
bonates probably  undergo  in  water  a  slight  hydrolysis,  and  to  this  feet 
we  may  attribute  the  alkaline  reaction  of  the  alkali  carbonates,  both 
neutral  and  acidic.  The  carbonates  are  generally  decomposed  by  com- 
mon acids  with  the  liberation  of  carbon  dioxide  and  the  formation  of 
salts  of  the  respective  acids.  Thus,  sodium  carbonate  is  decomposed 
by  sulphuric  acid, 

Zziy-o + 2igx8 = *=8X8 + H-o-H + 

and  by  nitric  acid,  and  by  hydrochloric  acid,  in  similar  manner. 
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Many  of  the  carbonates,  especially  calcium  carbonate  and  magnesium 
carbonate,  constitute  important  minerals,  and  occur  naturally  in  large 
quantities  as  constituents  of  the  rocks  of  the  earth's  crust.  We  have 
already  studied  the  carbonates  of  sodium,  potassium,  magnesium,  calcium^ 
strontium,  and  barium,  and  later,  in  the  secondary  series,  we  shall  find  still 
other  important  carbonates. 

CiifbQQ  Carbon  monoxide  may  be  made  by  partially  oxidizing  car- 

Monoxide.  bon^  by  burning  it  in  less  than  an  excess  of  air  or  oxygen^  or 
by  heating  it  with  a  suitable  oxide.  When  charcoal  or  coke  bums 
in  less  than  sufficient  oxygen  to  effect  its  complete  oxidation,  carbon  mo- 
noxide,  CO,  is  formed.  It  is  an  unsaturated  compound,  containing  in 
each  molecule  only  half  the  maximum  amount  of  oxygen  with  which  the 
carbon  can  combine. 

2C  -h  0=0  =  2C=0 

Carbon  monoxide  is  also  produced  when  steam  is  passed  over  carbon 
heated  to  redness,  or  when  an  electric  spark  is  passed  between  carbon 
electrodes  under  water, 

H-O-H  +  C  =  C=0  +  H-H 

and  it  is  generally  produced  when  an  oxide  of  a  metal,  such  as  copper 
oxide,  CuO,  is  heated  with  carbon  in  proper  proportion. 

Cu=0  -h  C  =  Cu  H-  C=0 

Carbon  monoxide  may  also  be  formed  by  tlu  partial  reduction  of  carbon 
dioxide.  Carbon  monoxide  is  formed  when  carbon  dioxide  passes 
through  a  mass  of  carbon  heated  to  incandescence. 


< 


^  +  C  =  2C=0 


It  is  also  produced  when  a  mixture  of  carbon  dioxide  and  an  equal 
volume  of  hydrogen  is  passed  through  a  tube  heated  to  redness, 

C^  +  H-H  =  H-O-H  +  C=0 

and  when  carbon  dioxide  is  passed  through  a  tube  containing  a  suit- 
able metal,  such  as  finely  divided  zinc  heated  to  low  redness. 

C^  +  Zn  =  Zn=0  -f-  C=0 
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Carbon  monoxide  may  be  set  free  from  some  compounds  which  contiin 
carbon  and  oxygen.  When  calcium  carbonate,  which  contains  ti ic 
elements  of  carbon  dioxide,  is  heated  with  an  equal  quantity  of  zinc 
dust,  carbon  monoxide  is  evolved. 

Ca<(Q^=0  H-  Zn  =  Zn=0  -h  Ca=:0  +  0=0 

When  oxalic  acid,  H2C2O4,  is  heated  strongly  in  the  presence  of  sul- 
phuric acid,  which  assists  in  removing  the  elements  of  water  from 
the  oxalic  acid,  a  mixture  of  carbon  monoxide  and  carbon  dioxide  is 
formed. 

H-0-C  =  0  y^ 

I  =  H-O-H  -f  C=0-hCfX 

H-0-C=0  ^^ 

These  methods  are  convenient  for  the  preparation  of  carbon  monoxide 
for  laboratory  purposes.  In  case  the  latter  method  be  employed,  the 
carbon  dioxide  formed  may  be  removed  by  passing  the  mixed  gases 
through  a  solution  of  sodium  hydroxide. 

Carbon  monoxide  is  unsaturated  and  may  be  oxidized  by  burning  in 
air  or  oxygen^  or  by  heating  with  a  suitable  oxide,  7viih  the  formation  of 
carbon  dioxide.  When  carbon  monoxide  is  burned  in  air  or  oxygen, 
carbon  dioxide  is  formed, 

,^0 


2C  =  0    -f   0  =  0   =    2C^Q 


and  when. carbon  monoxide  is  passed  over  copper  oxide,  CiiO, 
heated  to  redness,  carbon  dioxide  is  formed  and  the  copper  oxide  i> 
reduced. 

C=0  +  Cu=0  =  Cu  -h  C^Q 

The  oxides  of  other  metals  may  in  a  similar  manner  be  reduced  by 
carbon  monoxide. 

When  coal  or  other  carbonaceous  fuel  is  burned  in  the  presence  of 
an  excess  of  air,  carbon  dioxide  is  the  only  oxide  formed,  and  at  tem- 
peratures below  700°  carbon  dioxide  is  formed,  whether  the  carbon  be 
present  in  excess  or  not ;  but  as  the  temperature  of  combustion  increases 
the  carbon  dioxide  is  reduced  when  an  excess  of  carbon  is  present,  win 
the  formation  of  increasing  amounts  of  carbon  monoxide,  until  at  1000 
and  above  that  temperature  cnrbon  monoxide  is  the  principal  oxidt- 
formed.     In  an  ordinary  grate  fire  the  air,  when  first  entering  the  bum- 
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ing  coal  or  coke,  causes  its  complete  oxidation  to  carbon  dioxide, 
which,  passing  up  through  the  mass  of  ignited  carbon,  may  become 
reduced  to  carbon  monoxide,  which  either  escapes  with  the  other  prod- 
ucts of  combustion  or  burns  with  a  characteristic  pale  blue  flame  on 
the  surface  of  the  fuel. 

Carbon  monoxide  is  a  colorless  gas,  possessing  a  faint 
odor,  and  burning  in  air  or  oxygen  with  a  characteristic 
blue  flame.  A  mixture  of  two  volumes  of  carbon  monoxide  with  one 
volume  of  oxygen  explodes  violently  when  ignited.  The  specific  gravity 
of  carbon  monoxide  is  27.99.  ^^^  volume  of  carbon  monoxide  weighs 
0.967  as  much  as  an  equal  volume  of  air.  It  is  only  slightly  soluble  in 
water.  At  a  temperature  of  —  141°,  and  under  a  pressure  of  35  atmos- 
pheres, carbon  monoxide  forms  a  liquid  which  solidifies  under  100  mm. 
pressure  at  —  207°,  and  which  boils  under  760  mm.  pressure  at  — -  190°. 
Carbon  monoxide  is  poisonous  when  taken  into  the  lungs,  since  it 
destroys  the  oxygen- carrying  power  of  the  haemoglobin  of  the  blood, 
forming  with  it  a  compound  which  exhibits  a  characteristic  spectrum. 
The  dangerous  after  damp  produced  by  the  explosion  of  a  mixture  of 
air  and  gaseous  hydrocarbons  (fire  damp)  sometimes  found  in  coal  mines 
consists  of  a  mixture  of  carbon  dioxide  and  carbon  monoxide.  Deaths 
are  sometimes  caused  by  the  carbon  monoxide  from  unventilated  coal 
fires. 

A  great  number  of  compounds  of  carbon  with  hydrogen^ 
known  under  the  general  name  hydrocarbons^  are  found  natu- 
Tally  as  the  chief  constituents  of  coal ^  petroleum  y  and  other  mineral  prod- 
ucts from  which  the  hydrocarbons  may  be  prepared  by  dry  distillation. 
^  Methane^  CH4  (marsh  gas),  the  most   common  of  the 

.  I  hydrocarbons,  is  usually  prepared   for  laboratory  purposes 

I  by  heating  a  mixture  of  sodium  acetate,  Na(C2H802), 

H  and  sodium  hydroxide. 

Na(C2HA)  +  NaOH  =  NajCOg  +  CH^ 

It    may  also  be  produced  by  the  action  of  water  upon  aluminium 

carbide,  AI4C3. 

AI4C8  +  12H2O  =  3CH4  -f  4AI(OH)3 

Methane  is  a  colorless,  odorless  gas,  insoluble  in  water.     Its  specific 
gravity  is  i6.oi.     At  a  very  low  temperature  and  under  great  pressure  it 
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is  a  colorless  liquid  which  at  —  164**  has  a  specific  gravity  of  0.415. 
When  ignited,  it  burns  with  a  faintly  luminous  flame,  forming  carbon 
dioxide  and  water. 

CH4  +  2  Oj  =  2  HjO  +  CO, 

Methane  is  formed  when  carbonaceous  material,  such  as  wood  or  coal 
or  petroleum,  is  heated  strongly  out  of  contact  with  air.  It  is  formed 
when  vegetable  matter  decays  under  water,  as  frequently  happens  in 
swamps,  and  it  collects  in  unventilated  coal  mines,  where  it  produces 
fire  damp.  It  forms  an  explosive  mixture  with  air.  In  some  localities, 
especially  in  regions  rich  in  petroleum,  it  is  formed  underground  and 
escapes  from  the  earth  in  large  quantities.  It  is  a  constituent  of  the 
commercial  illuminating  gas  and  of  natural  gas. 
-_„  Acetylene i  CjHs,  may  be  synthesized  by  passing  an  elec- 

111  trie  spark  from  one  carbon  terminal  to  another  in  an 

C— H 

atmosphere  of  hydrogen. 

aC  +  H-H  =  III 

C-H 

For  laboratory  and  commercial  purposes,  acetylene  is  prepared  by  the 
action  of  water  upon  calcium  carbide,  CaC,. 

<C       H-O-H  ^0-H       C-H 

III  +  =  Ca<  +  III 

C       H-O-H  X)-H      C-H 

Acetylene  is  a  colorless  gas  with  a  peculiar  odor.  At  i®  and  under  48 
atmospheres*  pressure  it  forms  a  colorless  liquid  which  partially  solidi- 
fies when  brought  under  ordinary  pressure.  It  is  soluble  in  water.  It 
burns  readily  in  air,  forming  carbon  dioxide  and  water. 

2  CjHj  +  5  O2  =  2  HjO  -f  4CO, 

When  ignited  in  a  small  jet  under  suitable  pressure  and  proper  air  sup- 
ply acetylene  burns  with  a  dazzling  white  light  that  makes  it  useful  for 
illuminating  purposes.  A  mixture  of  i  volume  of  acetylene  with  12 
volumes  of  air  is  a  powerful  explosive.  Acetylene  is  produced  when 
ordinary  illuminating  gas  (coal  gas)  is  only  partially  oxidized,  as  is  the 
case  when  the  gas  flame  in  a  Bunsen  burner  "  snaps  back  "  to  the  base 
of  the  burner,  where  the  gas  burns  in  less  air  than  is  sufficient  for  com- 
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plete  oxidation.  Acetylene  is  also  produced  when  carbonaceous  ma- 
terial is  heated  out  of  contact  with  air,  and  small  amounts  are. present  in 
ordinary  illuminating  gas. 

Besides  methane  and  acetylene  there  are  many  other  hydrocarbons 
which  show  striking  similarities  in  constitution  and  properties.  Like 
methane,  CH4,  we  have  the  similar  compounds  ethane,  C2Ha,  propane, 
CsHg,  butane,  QH,©,  and  many  others,  which  are  all  grouped  together  in 
the  methane  series ;  and  like  acetylene,  QH),  we  have  the  similar  com- 
pounds, methyl  acetylene,  C8H4,  dimethyl  acetylene,  C4H6,  and  others 
which  are  grouped  together  in  the  acetylene  series.  Other  hydrocarbons, 
including  ethylene,  CsH4,  propylene,  CsH^,  butylene,  C4H8,  and  other 
similar  compounds,  form  the  ethylene  series.  We  have  also  benzene, 
C«H«,  and  many  similar  compounds  forming  the  benzene  series  of  hydro- 
carbons. The  lowest  members  of  all  the  series  are  gases,  excepting 
benzene,  which  is  a  volatile  liquid ;  higher  members  are  liquids  with 
boiling  points  which  increase  as  the  compounds  ascend  in  the  series ; 
the  highest  members  are  solids,  with  melting  points  which  increase  as 
the  compounds  ascend  in  the  series.  Thus,  in  the  methane  series,  the 
compounds  from  CH4  to  C4H]o  are  gases  under  ordinary  conditions, 
those  from  QHh  to  Ci^Hag  are  ordinarily  liquids,  and  CieH^  and  those 
above  it  are  ordinarily  solids.  The  liquid  hydrocarbons  produced  by 
the  destructive  distillation  of  carbonaceous  material  may  be  readily 
separated  from  one  another  by  fractional  distillation. 

By  acting  upon  the  hydrocarbons  with  suitable  reagents 
Hym^utrmm  p^^^^y  derivatives  of  the  hydrocarbons  may  be  formed.  The 
hydrogen  atoms  of  the  molecule  of  methane,  CH4,  may  be 
successively  replaced  with  chlorine,  forming  chlorine  derivatives  of  meth- 
ane, CH3CI,  CHjClj,  CHClg,  and  CCI4 ;  and  by  similarly  acting  upon 
ethane,  CeHe,  we  may  obtain  chlorine  derivatives  of  ethane,  C2H5CI, 
C2H4CIJ,  etc.  These  chlorine  derivatives  differ  from  the  hydrocarbons 
from  which  they  are  formed  in  the  fact  that  they  contain  one  or  more 
atoms  of  chlorine  in  place  of  the  same  number  of  hydrogen  atoms. 
Q  Trie hlorme thane,  CHClj  (chloroform),  the  most  impor- 

I  tant  chlorine  derivative  of  methane,  may  be  separated  from 

H— c-Cl       ^Yic  mixture  of  chlorine  derivatives  formed  when  chlorine 
Ci  acts  upon  methane,  CH4. 

CH4  +  3  CI2  =  CHCI3  +  3  HCl 

Chloroform  is  a  very  volatile  colorless  liquid,  having  a  peculiar  odor 
and  a  sweetish  taste.  It  does  not  dissolve  in  water.  It  has  a  specific 
gravity  of  1.5.  It  boils  at  61.5°.  It  readily  dissolves  fatty  and  resinous 
substances.  It  acts  as  a  powerful  anaesthetic,  and  is  largely  used  as 
such  in  surgery.  It  is  produced  commercially  by  heating  calcium  hypo- 
chlorite (bleaching  powder)  with  alcohoL 
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By  acting  upon  a  chlorine  derivative  of  a  hydrocarbon  with  a  hydroxide 
it  is  sometimes  possible  to  replace  the  chlorifu  with  a  hydroxyl  group^ 
forming  an  alcohol ^  or  hydroxyl  derivative  of  the  hydrocarbon. 

Ethyl  hydroxide^  CgH^OH  (ethyl  alcohol),  the  most  im- 

I     I  portant  of  the  alcohols,  may  be  formed  in  small  quantities 

H— C— c— 0— H  when   monochlorethane,  C2HJCI  (ethyl  chloride),  is 

I     I  heated  with  a  dilute  solution  of  sodium  hydroxide, 

under  pressure. 

C2H5CI  +  NaOH  =  C2H3OH  +  NaCl 

Alcoholic  Ethyl  alcohol  is  ordinarily  obtained  by  the  alcoholic  fer- 

Fermenta-      mentation  of  certain  carbohydrates,  such  as  glucose^  CeHijO^ 
tion.  (dextrose,  or  grape  sugar,  etc.),  in  warm  dilute  solution, 

under  the  influence  of  an  organized  ferment  found  in  yecut  {saccharo- 
myces)^  carbon  dioxide  being  evolved. 

CgHiA  =  2  C2H5OH  -h  2  CO2 

Certain  carbohydrates,  such  as  sucrose^  CuHagOn  (cane  sugar),  found  in 
the  sugar  cane  and  in  the  sap  of  trees,  starchy  (CflHioOj),,,  found  in  pota- 
toes and  grains,  and  cellulose y  (Ci2H2oOio)„,  which  is  the  principal  constit- 
uent of  all  woody  fiber,  when  acted  upon  by  common  acids  are  changed 
into  glucose,  and  may  therefore  be  used  for  the  manufacture  of  alcohol. 
Ethyl  alcohol^  the  ordinary  alcohol  of  commerce,  is  a  colorless  mobile 
liquid,  with  a  characteristic  odor  and  a  sharp  taste.  It  has  a  specific 
gravity  of  0.80.  It  boils  at  78.3°,  and  becomes  a  solid  at  about  — 130°. 
It  is  very  soluble  in  water.  It  is  readily  inflammable,  burning  with  a 
pale  hot  flame,  with  the  formation  of  carbon  dioxide  and  water.  Its 
vapor  may  form  an  explosive  mixture  with  air. 

C2H5OH  -h  3  O2  =  3  H2O  +  2  CO2 

When  taken  in  small  quantities  alcohol  may  be  assimilated  in  the  animal 
body  ;  in  larger  amounts  it  acts  as  an  intoxicant  and  as  a  poison. 

Many  manufacturing  industries  are  based  upon  the  process  of  alco- 
holic fermentation.  Beer  and  wine  are  formed  by  alcoholic  fermenta- 
tion under  proper  conditions  of  warmth,  and  in  the  presence  of  yeast, 
of  solutions  containing  glucose  or  similar  carbohydrates,  derived  from 
vegetable  sources,  and  such  liquors  contain  from  3  to  20  per  cent,  of 
alcohol.  Whisky  and  brandy  are  formed  by  the  distillation  of  fermented 
liquors,  and  may  contain  50  per  cent,  of  alcohol.  In  bread  making. 
yeast  is  added  to  the  dough,  which  is  set  aside  in  a  warm  place  to 
permit  the  fermentation  of  a  portion  of  the  sugar  and  the  liberation 
of  carbon  dioxide,  which  rising  through  the  soft  dough  causes  it  to 
swell  up  into  a  porous,  spongy  mass.  Sometimes  baking  powder^  con- 
sisting of  a  mixture  of  compounds  which  will  evolve  carbon  dioxide 
when  heated  to  the  temperatures  of  the  oven,  is  added  to  dough  to 
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cause  a  more  rapid  evolution  of  carbon  dioxide  than  is  brought  about 
by  fermentation. 

Qo  .  When  ethyl  alcohol,  C2H5OH,  is  heated  with  sulphuric 

yO         acid,  it  loses  the  elements  of  water  and  ethyl  oxide ^  (S^^i)f^ 

^'^  (ethyl  ether),  the  common  "  ether  **  of  commerce,  is  formed. 

2QH5OH  =  (Q^;)jd  +  H2O 

Ethyl  ether  is  a  colorless  mobile  liquid  of  characteristic  odor.  It  has 
a  specific  gravity  of  0.736  at  0°.  It  boils  at  35°.  It  is  very  volatile  and 
is  very  inflaromable.  Its  vapor  may  form  an  explosive  mixture  with  air 
or  oxygen.  It  is  used  largely  as  an  anaesthetic  and  as  a  solvent  for  oils 
and  resinous  substances.  Other  ethers  of  similar  constitution  may  be 
made  from  other  alcohols. 

_  When  alcohols  are  partially  oxidized  they  form  acids ^ 

I       y/Q         or  carboxyl  derivatives  of  the  hydrocarbons^  containing  the 

H-C-cC  ^      carboxyl  group,  CO^H.    When  ethyl  alcohol,  CgHjOH, 

^       ^^—n  |g   permitted  to  partially  oxidize  spontaneously,  as,  for 

example,  when  it  is  submitted  to  the  action  of  air  in 

contact  with    finely  divided    platinum,    acetic  acid,    CHg  •  COgH   or 

HCQHgOg),  is  formed. 

QHftOH  +  Oj  =  CHa  •  COjjy  4-  HgO 

Acetic  acid  is  ordinarily  formed  by  the  acetic  fermentation 
Acetic  Fei^  of  ethyl  alcohol  in  warm  dilute  solutions,  under  the  action  of 
a  vegetable  micro-organism,  mycoderma  acett,  which  lives 
upon  the  oxygen  of  the  air  and  nitrogenous  and  other  material  which 
may  be  present  in  the  solution.  Thus  beer  and  fermented  wines,  which 
contain  alcohol  produced  by  the  fermentation  of  sugar,  get  sour  when 
exposed  to  warm  air.  The  souring  of  milk,  and  of  bread  and  pastry 
and  other  food  stuffs,  is  due  to  the  formation  of  acids  by  the  excessive 
fermentation  of  the  sugars  contained  in  them.  The  common  vinegar  oi 
commerce  is  made  by  the  fermentation  of  cider  or  wine  to  which  a  mass 
of  living  ferment,  known  as  the  "mother  of  vinegar,"  is  added.  Acetic 
acid  is  manufactured  in  large  quantities  from  the  cm^e  pyroligneous  acid 
which  is  the  most  important  product  obtained  by  the  dry  distillation  of 
wood. 

Acetic  acid  is  ordinarily  a  colorless  liquid.  Below  16.7°  it  is  a  crys- 
talline solid  (glacial  acetic  acid),  which  has  a  specific  gravity  of  1.05. 
The  liquid  acid  boils  at  118°.  It  has  a  pungent  odor,  a  sharp,  sour 
taste,  and  a  caustic  action  upon  the  skin.  It  readily  mixes  with  water, 
alcohol,  and  ether,  and  will  act  upon  many  solids  which  are  insoluble 
in  water. 

Acetic  acid  readily  reacts  with  bases,  with  the  formation  of  water,  and 
salts  known  as  acetates,  which  are  generally  soluble  in  water,  and  are 
readily  decomposed   by  stronger  acids.     Thus^  sodium  hydroxide 


I08  OUTLINES  OF  INORGANIC  CHEMISTRY 

and  acetic  acid,  H(CsHsOs),  will  interact  to  form  sodium  acelakj 
NaCCjHaOs). 

NaOH  +  HCCsHgOg)  =  Na(C2H30s)  +  H,0 

An  important  acetate  is  lead  acetate^  Pb(C2H80s)t,  a  poisonous  sub- 
stance, used  in  medicine.  Many  other  carbon  acids  similar  to  acetic 
acid  are  known. 

Caxboa  Carbon  may  combine  directly  with  sulphur  to  form  carbon 

iHtulpUde.  disulphide.  When  vapors  of  sulphur  are  passed  over 
carbon  heated  to  redness,  the  escaping  vapors  condense  to  form  color- 
less liquid  carbon  disulphide^  CS^ 

c  +  s«s  »  C^ 

Carbon  disulphide  is  very  volatile  and  has  a  characteristic  odor.  It 
boils  at  47°.  Its  specific  gravity  is  1.29.  It  is  insoluble  in  water.  It 
dissolves  caoutchouc  and  many  resinous  substances  and  oils.  It  bums 
readily  with  a  blue  flame,  forming  carbon  dioxide  and  sulphur  dioxide. 

cSs  +  3  Oj  =  cOj  +  2  so. 

Carbon  and  nitrogen  combine  in  the  electric  arc  or  under  the  influ- 
ence of  the  induction  spark  to  form  carbon  nitride  or  cyanogen^  C^N^ 
so  called  because  it  enters  into  certain  compounds  of  blue  color.  The 
cyanogen  compounds  will  be  considered  in  connection  with  our  study 
of  the  compounds  of  nitrogen. 

We  have  already  seen  that  carbon  may  be  employed  to 
effiect  the  reduction  of  oxides  of  metals  with  the  liberatioa 
of  the  metal  in  free  condition,  and  the  formation  of  carbon  dioxide  or 
carbon  monoxide.  If  carbon  is  heated  with  certain  oxides  suitably 
selected  at  a  temperature  sufficiently  high,  such  as  that  of  the  electric 
arc,  the  oxide  will  not  only  be  completely  reduced,  but  the  element  thus 
set  free  will  combine  with  some  of  the  excess  of  carbon,  forming  a  car- 
bide of  the  element.  Thus,  when  a  mixture  of  calcium  oxide,  CaO. 
produced  by  heating  marble,  is  heated  in  an  electric  furnace  with 
finely  divided  carbon,  produced  by  charring  sugar,  a  yellow  crystattiDe 
residue  of  calcium  carbide^  CaCg,  is  obtained. 

Ca=0  +  3C  =  Ca<J!j  +  C=0 
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This  compound  is  manufactured  in  less  pure  condition  by  heating 
together  lime  and  coal  or  coke.  It  was  first  obtained  by  Wohler,  in 
1862,  by  heating  an  alloy  of  calcium  and  zinc  with  carbon. 

ZnCa  +  2  C  =  CaCj  +  Zn 

Calcium  carbide  is  ordinarily  a  gray  crystalline  solid  of  specific  gravity 
2.2.  It  is  very  readily  decomposed  by  water  with  the  formation  of 
acetylene,  C2HJ, 

CaC,  +  2  H2O  =  Ca(OH),  +  CgH, 

and  it  is  similarly  acted  upon  by  common  acids.  Since  it  was  acci- 
dentally produced  on  a  large  scale  by  Wilson,  in  1892,  calcium 
carbide  has  been  an  important  commercial  product,  and  has  led  to  a 
very  general  use  of  acetylene  for  certain  purposes  of  illumination. 
Barium  carbide^  BaCt,  and  strontium  carbide^  SrCsi  are  similar  to 
calcium  carbide. 

Another  carbide,  recently  come  into  notice,  is  silicon  carbide^  SiC,  or 
carborundum^  now  manufactured  on  a  large  scale  by  heating  a  mixture 
of  silicon  dioxide,  Si02  (sand),  with  carbon  (coke)  and  a  flux  of 
sodium  chloride,  in  an  electric  furnace  to  a  temperature  of  about  3500®. 


Si^H-3C  =  Si  =  C-f  2C=0 


Pure  carborundum  consists  of  brilliant  green  crystals,  of  specific  gravity 
3.22.  It  is  not  readily  oxidized  even  when  heated  in  oxygen.  It  is 
nearly  as  hard  as  diamond,  and  hence  is  valuable  as  an  abrasive. 

Boron  carbide^  BeC,  similar  to  carborundum,  but  exceeding  it  in 
hardness,  consists  of  black  shining  crystals,  of  specific  gravity  2.5.  It 
is  made  by  heating  boron  with  carbon  in  an  electrical  furnace. 

Aluminium  carbide^  AI4C3,  may  be  obtained  in  the  form  of  gray 
crystals  by  heating  aluminium  and  carbon  together  in  hydrogen  in  an 
electric  tube  fiirnace. 

Organic  Com-  Sincc^  many  compounds  of  carbon  are  either  formed  in 
Organie^^  ^^i^g  organisms  or  derived  from  substances  produced  by  liv- 
Cffemiatrg,  {fig  organisms,  the  compounds  of  carbon  in  general  are 
frequently  called  organic  compounds,  and  the  chemistry  of  the  carbon 
compounds  is  known  as  organic  chemistry.  Thus,  we  speak  of  ethyl 
alcohol,  C2H5OH,  as  an  organic  hydroxide,  and  of  acetic  acid,  ¥L{C^\{fi^, 
as  an  organic  acid,  both  being  organic  compounds* 
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Carbon  dioxide  and  carbon  monoxide  are  colorless  gases, 
ummary.  produced  by  burning  carbon  or  by  decomposing  certain  carbon 
compounds  ;  carbon  dioxide  may  be  reduced  to  carbon  monoxide;  carbon  mo- 
noxide may  be  oxidized  to  carbon  dioxide.  The  solution  of  carbon  diox- 
ide in  water ^  known  as  the  unstable  "  carbonic  acid,^'*  neutralizes  bases 
with  the  formation  of  solid  carbonates,  some  of  which  are  soluble,  all 
decomposed  by  the  common  acids,  and  all  except  the  neutral  alkali  car- 
bonates decomposed  by  heat  with  the  liberation  of  carbon  dioxide. 

The  hydrocarbons,  gcLseous,  liquid,  and  solid,  are  readily  acted  upon  by 
reagents  with  the  formation  of  many  classes  of  derivatives,  among  which 
are  the  chlorides,  the  alcohols,  the  ethers,  and  the  acids. 

Carbon  disulphide,  a  colorless  liquid,  is  made  by  the  combination  of 
carbon  with  sulphur.  The  solid  carbides  are  made  by  heating  carbon 
with  oxides  of  other  elements,  or  with  other  elements,  in  an  electrical 
furnace.  Calcium  carbide  is  decomposed  by  water  with  formation  of 
acetylene. 

The  compounds  of  carbon  are  called  organic  compounds^  and  the 
chemistry  of  the  carbon  compounds  is  organic  chemistry. 

industrial  Carbon  and  its  compounds  find  many  useful  applications 

AppiicaUona.  jjj  domestic  economy,  and  in  manufacturing.  The  diamond 
is  prized  as  an  ornament,  graphite  is  employed  as  a  lubricant  and  in 
lead  pencils,  and  charcoal  and  coke  are  valuable  fuels,  while  compacted 
amorphous  carbon  is  used  in  making  electrodes  and  battery  plates. 
Some  carbonates,  particularly  the  limestones,  are  valuable  building  stone>. 
The  compounds  of  carbon  which  find  most  extensive  application,  however, 
are  the  hydrocarbons,  which  occur  naturally  in  coal,  petroleum,  ami 
natural  gas,  largely  employed  as  fuel  for  the  production  of  heat,  power, 
and  light.  By  the  distillation  of  coal  out  of  contact  with  air  many 
other  carbon  compounds  may  be  formed,  some  of  which  are  of  great 
value.  Our  knowledge  of  the  properties  of  carbon  and  its  oxides,  and  of 
some  typical  hydrocarbons  and  their  derivatives,  will  help  us  to  under- 
stand the  preparation  and  utilization  of  carbon  compounds  on  a  large 
scale. 

p    .  The  principal  fuels  are  wood,  and  the  mineral  substances 

brown  coal  (lignite),  bituminous  coal,  hard  coal  (anthracite), 
petroleum  (coal  oil),  and  natural  gas.  H^'ood consists  essentially  oi cellult?se, 
(Ci2H2yO,o)„,  as  well  as  small  quantities  of  resinous  and  gummy  substances 
and  water.  The  coals  are  largely  complex  mixtures  of  hydrocarbons. 
Brown  coal,  or  lignite,  is  a  dark  brOwn  or  black  substance  of  woody  tex- 
ture, containing  from  50  to  80  per  cent,  of  carbon,  and  from  15  to  20  per 
cent,  of  moisture.   Bituminous  coal  is  black,  has  a  specific  gravity  of  from 


^ 
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1.25  to  1.75,  and  contains  from  70  to  90  per  cent,  of  carbon.  Those 
varieties  containing  large  proportions  of  easily  volatile  matter  have  a  dull 
luster,  burn  with  a  smoky  flame,  and  often  fuse  together  in  a  solid  mass 
while  burning.  Hard  coaiy  or  anthracite^  is  black  and  very  lustrous,  has 
a  specific  gravity  of  about  1.75,  and  contains  from  90  to  98  per  cent, 
of  carbon,  and  little  readily  volatile  matter.  It  burns  with  little  flame 
and  with  no  smoke,  and  is  more  difficult  to  ignite  than  bituminous  coal, 
though  it  burns  readily  in  a  current  of  air.  It  evolves  more  heat  than 
is  evolved  by  the  same  weight  of  other  varieties  of  coal.  The  coals 
were  probably  formed  by  the  slow  decomposition  of  woody  matter,  con- 
taining cellulose,  (C^HaoOio),,  under  fresh  water,  with  removal  of  carbon 
dioxide,  CO^,  and  marsh  gas,  CH4,  and  subsequent  compression  of  the 
residue  with  or  without  the  action  of  heat.  Petroleum,  a  dark  yellowish 
or  greenish  oil,  of  specific  gravity  0.8  to  0.9,  may  be  burned  with- 
out the  production  of  smoke  or  soot,  and  produces  over  twice  as  much 
heat  as  an  equal  quantity  of  hard  coal.  Natural  gas  consists  largely 
of  methane,  CH4.  It  burns  readily  with  a  flame  of  low  luminosity. 
It  is  the  cheapest  and  most  efficient  fuel.  The  mineral  fuels  are 
found  widely  distributed  in  great  abundance.  In  the  United  States, 
hard  coal  is  found  in  Pennsylvania,  and  soft  coal  in  Pennsylvania  and 
in  many  Southern  and  Central  states.  Soft  coal  is  found  in  abundance 
in  England  and  throughout  Europe  generally.  Petroleum  is  found  in 
Pennsylvania,  Texas,  and  in  the  central  Western  states,  and  in  many 
other  parts  of  the  world.  Natural  gas  occurs  largely  in  the  central 
Western  states. 

Distillatioii  When  wood  is  heated  out  of  contact  with  air,  the  cellulose, 
of  Wood.  (CijHaoOio)*,  which  is  its  principal  constituent,  is  decomposed, 
and  several  classes  of  products  are  formed.  At  temperatures  between 
160**  and  275°  acetic  acid,  H(C2H302),  and  similar  pro(.ucts,  known 
collectively  as  crude  pyroligneous  acid,  are  produced,  while  at  higher 
temperatures  hydrocarbons  are  the  chief  products,  those  distilling 
between  275**  and  350®  being  gaseous,  and  those  coming  off  between 
350**  and  450**  being  liquid  and  sohd.  By  the  modem  method  a  series 
of  iron  retorts,  connected  with  a  condenser,  and  so  arranged  that  the 
temperature  may  be  readily  controlled,  has  replaced  the  charcoal  kiln 
of  earlier  times.  The  distillate  produced  separates  into  a  light  oily 
layer  of  the  more  volatile  hydrocarbons,  a  reddish  yellow  or  brown 
layer  of  pyroligneous  acid,  and  a  lower  layer  of  black  viscous  wood 
tar.  A  residue  of  charcoal  remains  in  the  retort.  By  redistillation  of 
the  crude  pyroligneous  acid  two  products  are  obtained,  wood  naphtha, 
from  which  methyl  alcohol,  CH3OH,  (wood  spirit),  is  made,  and  wood 
znnegar,  from  which  acetic  acid,  H(C2H302),  and  acetates  are  prepared. 
By  distilling  the  wood  tar,  creosote  2,vA  pitch  are  produced. 
Distillatioii  When  coal  is  subjected  to  dry  distillation  several  classes 
of  Coal.  of  products  result ;  gaseous  hydrocarbons,  which  are  inflam- 

mable and  may  be  used  for  illuminating  gas ;  a  liquid  known  as  gas 
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liquor,  coDtaining  ammonium  compounds  and  free  ammonia ;  a  strong- 
smetling  black  viscous  residue  known  as  eoai  tar,  from  which  may  be 
produced  by  fractional  distillation  and  treatment  with  reagents  many 
interesting  carbon  compounds,  including  alcohols,  ethers,  acids,  and 
many  valuable  dyes  and  iiavoring  extracts ;  and  a  residue  of  coke,  and 
in  some  cases  the  compacted  "  gas  carbon,"  used  fur  electrical  purposes. 
When  the  coal  is  distilled  far  the  purpose  of  producing  coke,  the  gas 
liquor  and  coal  tar  may  be  saved  as  by-products,  but  the  gases  are 
burned  as  fuel  to  supply  heat  for  the  distillation.  When  the  distillation 
is  for  the  production  of  gas,  beat  is  supplied  from  other  jiiel,  and  the 


Fid.  II.  —  ManuEiKture  of  Illuminaiing  Gas.  (Adapted  from  Thorp,)  A,  Rcmh 
B.  Hvcl»ulic  Mam.  C,  Condenser.  D,  Exlncloi.  E,  Sciubbar  and  Wuk«^ 
F,  Purifier.    G,  Meter.    H,  Holder. 

gas  liquor,  coal  tar,  and  coke  are  saved  as  by-products.  The  spedal 
consideration  of  the  treatment  of  the  gas  liquor  for  the  production  of 
ammonia  and  ammonium  compounds  will  be  taken  up  under  the  sut^ect 
of  nitrogen  and  its  compounds. 

^^  For  the  production  of  coal  gas,  to  be  used  for  illuminating 

'*'  or  other  purposes,  the  raw  material,  usually  bituminous  coal, 
is  heated  in  fire-clay  retorts  to  from  looo"  to  uoo",  and  the  gaseoos 
products  of  the  distillation  first  pass  into  water,  and  then  into  oideci 
conifensing  pipes  to  condense  and  contain  the  heavier  tar  and  oily 
products,  and  the  soluble  ammonium  compounds.  Thence  the  gas  is 
pumped  through  extractors,  scrubbers,  and  washers  until  it  finally 
reaches  the  purifiers,  which  consist  of  shallow  rectangular  boxe%  pro- 
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vided  with  false  bottoms  on  which  are  spread  thin  layers  of  slaked  lime 
or  bog'iron  ore,  and  thence  into  the  holders,  in  which  it  is  stored  for 
use. 

The  slaked  lime,  Ca(OH)j,  serves  to  remove  hydrogen  sulphide,  HjS, 
carbon  disulphide,  CS^,  and  carbon  dioxide,  CO2,  with  the  formation  of 
various  compounds  of  calcium,  as  is  shown  in  the  equations 

Ca(0H)2  +  HjS  =  CaS  +  2  H,0 

CaS  +  CSj  =  CaCSj 
Ca(OH),  +  CO2  =  CaCO,  +  H^O 

In  case  bog-iron  ore,  Fe208  •  sHjO,  is  employed  as  a  purifier,  only 
hydrogen  sulphide  is  removed. 

FejOs  •  3  H,0  4-  3  H^  =  2  FeS  +  S  +  6  HjO 

Another  iron  sulphide,  Fe^Sj,  may  also  be  formed  in  the  process. 
^       -  The  manufacture  of  water  gas  for  illuminating  purposes 

consists  in  decomposing  steam  by  incandescent  carbon,  with 
the  formation  of  a  mixture  of  carbon  dioxide,  hydrogen,  and  carbon 
monoxide,  the  carbureting  of  the  mixture  by  the  introduction  of 
volatile  hydrocarbons  to  give  luminosity  to  the  flame,  and  the  removal 
of  carbon  dioxide  and  other  impurities. 

In  the  Lowe  process^  in  which  the  gas  is  generated  and  carbureted  in 
a  single  operation,  anthracite  coal  or  coke  is  burned  to  incandescence, 
in  a  vertical  furnace  or  generator ^  in  a  blast  of  air,  so  regulated  as  to 
produce  products  of  partial  combustion,  consisting  principally  of  carbon 
monoxide  and  nitrogen,  and  known  as  producer  gas.  Chambers,  called 
respectively  the  carburetor  and  the  superheater,  containing  iron  grills, 
are  heated  by  burning  in  them  the  producer  gas  in  an  air  blast,  the  re- 
sulting carbon  dioxide  and  nitrogen  being  allowed  to  escape  from  the 
superheater  into  the  air.  When  the  proper  temperature  has  been  at- 
tained the  air  blast  is  cut  off,  and  steam  is  injected  into  the  generator, 
where  it  is  decomposed  by  the  incandescent  coal  or  coke  with  the 
formation  of  the  mixture  of  carbon  dioxide,  hydrogen,  and  carbon  mo* 
noxide,  known  as  water  gas,  which  is  inflammable,  burning  with  great 
heaty  but  without  luminosity. 


C  -f-  2  H2O  :=  CO,  4-  2  H, 
CO2  -t-  C  =  2  CO 


To  give  the  gas  thus  produced  illuminating  power  a  stream  of  petro- 
leum is  passed  into  the  carburetors,  where  by  contact  with  the  hot 
checker  work  it  is  changed  into  gaseous  products  which,  under  the  high 
temperature  of  the  superheater,  are  resolved  into  ethane,  CfHs,  ethy- 
lene, QH4,  acetylene,  QH^  benzene,  C«Ha,  and  other  hydrocarbons  not 
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readily  condensible,  and  of  high  illuminating  power.  The  gaseous  mii- 
ture  thus  prepared  is  freed  from  carbon  dioxide  and  other  impuritinbr 
methods  similar  to  those  employed  in  purifying  coal  gas. 

It  is  a  common  practice  to  mix  coal  gas  with  water  gas  for  illumi- 
nating purposes,  and  the  illuminating  value  of  coal  gas  is  frequently  in- 
creased by  the  addition  of  a  quantity  of  petroleum  to  the  coal  empluyol 
for  distillation.    Coal  gas,  under  its  ordinary  pressure,  and  at  its  ordi- 


A 


nary  rate  of  flow,  has  been  found  to  have  an  illuminating  power  equ'' 
to  that  of  17.5  standard  candies,  and  it  contains  on  the  average  S  l« 
cent,  of  illuminating  hydrocarbons,  34.5  per  cent,  of  methane,  49  l*^ 
cent,  of  hydrogen,  and  7.2  per  cent,  of  carbon  monoxide.  Water  gas,  "I 
25  candle  power,  contains  on  the  average  16.6  per  cent,  of  illuminantSi 
19.8  per  cent,  of  methane,  32.1  per  cent,  of  hydrogen,  and  16.1  F*^ 
cent,  of  carbon  monoxide.  Because  of  the  large  proportion  of  caiboa 
monoxide  contained  in  it,  water  gas  is  very  poisonous.  Besides  coi 
gas  and  water  gas,  oil  gas,  made  by  the  direct  distillation  of  petrolMi". 
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acetylene^  made  by  the  action  of  water  on  calcium  carbide,  and  air 
gaSf  made  by  mixing  air  in  definite  proportions  with  certain  kinds  of  oil 
gas,  are  largely  employed  for  illuminating  purposes.  In  the  incandes- 
cent burners,  of  the  IVelsbach  type,  the  luminosity  is  increased  by  allow- 
ing the  colorless  flame  of  the  Bunsen  burner  to  impinge  upon  a  gauze 
mantle  made  of  the  oxides  of  thorium  and  cerium,  and  other  rare  earths, 
which  glow  with  great  brilliance  when  heated. 

Coal  Tar  Coal  tar,  a  by-product  of  the  gas  plant,  is  a  viscous,  black, 

Products.  oily,  strongly  smelling  liquid,  of  specific  gravity  1.15,  of  ex- 
ceedingly complex  composition.  Tar  is  used  to  some  extent  as  a  pre- 
sen-ative  in  coating  timber,  and  in  making  tar  paint  and  tar  paper. 
When  coal  tar  is  submitted  to  fractional  distillation,  four  sets  of  products 
are  formed,  —  light  oily  below  150°;  the  middle  oil,  from  150®  to  210*^; 
the  heavy  oil,  from  210°  to  270®,  and  anthracene  oil,  above  270®,  while 
a  residue  of  pitch  is  left  behind.  Upon  distillation,  the  light  oil 
yields  hydrocarbons  among  which  is  benzene,  QHe,  from  which  is  made 
the  aniline,  C8H4NH2,  largely  used  in  making  artificial  coloring  matters. 
From  the  middle  oilsxt  produced /^^//^/(CflHjOH)  (carbolic  acid)  used  in 
making  dyes  and  high  explosives,  and  valuable  as  an  antiseptic  in  surgery, 
and  naphthalene,  CjoHg,  which  serves  as  a  basis  for  the  preparation  of 
a  large  series  of  dyes.  The  heaiy  oil  is  used  as  a  preservative  for  timber 
and  for  making  lampblack.  The  anthracene  oil  furnishes  the  anthracene, 
^uHjo,  of  commerce,  the  basis  of  alizarin  and  other  coloring  matters. 
Distillatioii  When  crude  petroleum,  a  mixture  of  hydrocarbons,  is  sub- 
of  Petro-  jected  to  fractional  distillation,  the  more  volatile  and  inflam- 
leum.  mable  oils  pass  over  at  the  lower  temperatures,  and  are 

followed  by  those  of  still  higher  boiling  points,  while  a  solid  residue  of 
waxy  material  is  left  in  the  retort.  It  is  possible,  however,  to  increase 
the  production  of  the  more  volatile  oils  by  conducting  the  last  part  of 
the  distillation  so  that  the  heavy  oils  will  be  condensed  within  the  re- 
tort, and  drop  back  into  the  highly  heated  residue,  where  they  will  be 
decomposed  or  "cracked"  into  the  more  volatile  products  which  read- 
ily pass  over  at  lower  temperatures.  In  the  commercial  process  of 
petroleum  refining,  two  distillates  are  produced,  —  the  benzene  distillate, 
which  contains  gasolene  and  other  inflammable  oils  useful  for  solvent 
purposes  and  in  varnish  making,  and  the  burning  oil  distillate,  from 
which  are  produced  by  distillation  and  purification  the  different  grades 
of  kerosene.  From  the  solid  residues,  paraffin,  lubricating  oils,  vaseline, 
and  coke  are  produced. 

When    hydrocarbons  combine  with  oxygen  under  such 
conditions  that  they  are  completely  and  immediately  con- 
verted into  carbon  dioxide  and  water,  the  mass  of  burning  gas  or  flame 
is  nearly  colorless  and  only  faintly  luminous.     Methane,  CH4,  for  exam- 
ple, burns  from  an  ordinary  gas  burner  with  a  faintly  luminous  flame. 

CH^  4-2  0,  =  CO2  -h  2  HjjO 


i 
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Fig.  13.  —  The  Bunsen 
Burner. 


Acetylene,  CjHj,  on  the  other  hand,  burns  from  an  ordinary  gas  jet  with 
a  flame  which  is  luminous,  but  very  sooty  from  finely  divided  free 

carbon,  the  hydrogen  burning  first. 

2  CjHj  +  O2  =  2  C,  +  2  HjO 

Burned  from  jets  especially  constructed  to  give  great 
contact  with  air  as  the  combustion  proceeds,  the 
acetylene  bums  with  a  flame  intensely  brilliant,  and 
giving  off  no  soot,  though  a  piece  of  porcelain  or 
metal  placed  within  the  flame  becomes  covered  with 

^^^-        2  CjH,  -h  5  Oj  =  4C0a  +  2  H/) 

As  we  look  into  the  matter  more  ^ 

closely  it  appears  that  the  lumi- 
nosity of  the  flame  of  burning 
hydrocarbons  depends,  under  ordi- 
nary conditions,  upon  the  presence  in  the  flame  of 
finely  divided  particles  of  carbon  heated  to  a  tempera- 
ture of  intense  incandescence,  and  that  a  condition 
of  luminosity  may  be  brought  about  by  adjusting  the 
proportions  of  the  constituents  of  the  fuel  —  the  carbon 
and  the  hydrogen  —  to  one  another  and  to  the  air 
supply.  In  methane  the  proportion  of  carbon  to  hydro- 
gen is  low,  and  from  this  gas,  when 
burned  from  an  ordinary  gas  jet, 
little  carbon  separates,  even  mo- 
mentarily, to  be  heated  by  the 
extremely  hot  flame  of  the  burning  j-^  Omdte'Ftamc. 
hydrogen.  The  Bunsen  burner  is 
so  arranged  that  a  regulated  amount  of  air  raay  be 
mixed  with  the  gas  before  burning  takes  place,  and 
in  this  burner  the  separation  of  free  carbon  and  the 
luminosity  of  the  flame  may  be  produced  at  will 
When  the  gas,  unmixed  with  air,  is  allowed  to  bum 
only  at  the  surface  of  contact  with  the  surrounding 
air  the  fuel  is  in  excess,  the  first  stage  of  the  oxidadoD 
is  partial,  and  the  flame  is  sooty ;  when  air  is  mixed 
with  the  gas  by  means  of  the  opening  at  the  base 
of  the  burner,  the  combustion  in  the  excess  of  oxygec 
is  complete,  and  the  flame  no  longer  smokes,  and,  as 
the  amount  of  air  is  increased,  finally  become; 
non-luminous. 

The  luminous  flame  of  burning  gas,  best  observed 

FIG.  IS.  -  Blowpipe.  '^\  *  ^1?^^^^  ^"^^^^'  '^^  '^^f\  t*^«  hydrocarbons  of 
(Platinum  tip  en-  ^"^  s^""  paraffin  are  melted,  drawn  up  through  the 
larged.)  wick  and  volatilized  at  the  point  of  ignition,  consists 


Fig.  14. 
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of  three  zones,  —  an  inner  lower  temperature  zone  (a)  of  unoxidized 
hydrocarbons,  a  middle  luminous  zone  {i),  where  the  hydrocarbons  are 
partially  oxidized  and  carbon  is  separated  and  heated  to  incandescence, 
and  an  outer  almost  invisible  zone  (f),  in  which  the  carbon  and  other 


products  of  the  partial  oxidation  are  completely  oxidized  to  carbon 
dioxide  and  water.     If  a  tube  be  inserted  into  the  inner  zone,  the  un- 
changed hydrocarbons  may  be  removed  from  the  flame  and  ignited. 
If  a  piece  of  porcelain  or  other  cold  object  be  introduced  into  the 
middle  zone  of  the  flame,  soot  will  be  deposited  upon 
it,  while  introduced  into  the  outer  zone  it  will  receive 
a  deposition  of  water.     The  inner  luminous  zone,  being 
rich  in  carbon,  exerts  a  ret/ucitig  action  on  substances 
brought  into  it,  while  the  outer  zone,  containing  heated 
air,  exerts  an  oxidizing  action.     By  means  of  a  blmifipe, 
a  convenient  form  of  which  consists  of  a  tapering  lube, 
bent  at  right  angles,  and  provided  with  a  mouthpiece 
and '  a  platinum  tip,  pierced  with  a  fine  opening,  either 
the  reducing  or  the  oxidizing  action  of  the  flame  may  be 
increased  and  maniyiulated  so  as  to  serve  useful  in  the 
blowpipe  analysis  of  minerals  and  other  substances. 

A  gas  flame,  burning  on  one  side  of  a  wire  gauze 
held  horizontally  across  a  stream  of  gas  rising  from  a 
burner,  may  have  its  temperature  so  reduced  by  the 
heat-conducting  material  of  the  gauze  as  to  prevent  the 
ignition  of  the  gas  on  the  other  side  of  the  gauze.  Fic,  17. 

The  Davy  safely  lamp,  consisting  of  an  oil  lamp,  the  The  Davy  Safety 
flame  of  which  is  entirely  surrounded  by  a  wire  gauze.  Lamp. 

may  be  carried  about  in  an  atmosphere  of  inflammable  gas,  such  as 
the  fire  damp  of  coal  mines,  without  igniting  the  gas  by  contact  with 
the  flame. 

Silicon,  Si,  28.4 

Sitka  and  Silicon  is  found  widely  distributed  in  great  abundance  as 

SiUectM.  silicon  oxide  or  silica,  SiOa  {quartz),  and  in  the  silicates,  or 
compounds  of  silicon  with  oxygen  and  other  elements.     We  have  already 
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mentioned  the  feldspars  {prthoclase,  KAlSigOg,  aibite,  NaAlSisOg,  arwr- 
thite,  CaAljSiaOg,  etc.),  the  micas  {muscavitCy  HaKAlaSiaO^,  etc.),  the 
white  kaolinite^  H4AlaSi209,  from  which  we  prepared  aluminium  com- 
pounds, and  the  red  garnet  and  yellow  topaz.  These  few  examples  are 
fairly  typical  of  the  great  number  of  silicates  which  are  found  in  rocb 

and  soils. 

v^O  Silicon  dioxide^  or  silica,  SiOj,  occurs  in  nature  in  many 

%0  varieties.  Quartz,  the  most  important  form  of  silica,  is  found 
crystallized  in  hexagonal  prisms  and  rhombohedrons,  having  a  specific 
gravity  of  2. 6,  and  possessing  a  high  degree  of  hardness.  The  purest  form 
of  quartz  is  the  colorless  rock  crystal,  while  other  varieties,  colored  by 
oxides  of  other  elements,  are  known  as  smoky  quartz,  rose  quartz^  ame- 
thyst quartz,  etc.  Agate,  jasper,  and  onyx  are  impure  forms  of  quartz  of 
varying  luster  and  color.  The  ordinary  white  quartz  crystals  are  found 
in  great  abundance  either  alone  or  in  masses,  or  as  a  constituent  of 
granite,  gneiss,  and  syenite,  and  similar  rocks.  The  rock  formations 
known  as  quartzite  and  sandstone,  as  well  as  sea  sand,  consist  principally 
of  quartz.  Opal  is  a  colorless  or  variously  colored  amorphous  and  lighter 
form  of  silica,  containing  more  or  less  water.  Silicious  sinter,  a  glassy 
natural  form  of  silica,  is  deposited  from  the  waters  of  certain  hot  springs, 
notably  those  of  New  Zealand,  Iceland,  and  the  Yellowstone  region, 
which  come  to  the  surface  charged  with  soluble  silicates.  Silica  is  also 
found  imbedded  in  the  woody  structure  of  plants,  particularly  in  the 
stems  of  the  cereals  and  grasses,  and  it  is  also  present  in  the  feathers  of 
some  birds.  Silica  occurs  also  as  flint,  and  in  the  microscopic  animal 
remains  known  as  tripolite. 

The  native  silicon  dioxide  is  insoluble  in  water,  and  is  not  acted  upon 
by  acids  except  hydrofluoric  acid,  but  is  acted  upon  by  concentrated 
solutions  of  alkali  hydroxides,  and  to  some  extent  by  alkali  carbonates. 
Silica  may  be  melted  at  the  high  temperature  of  the  oxyhydrogen 
flame,   or  the   electric   furnace,   when   it   forms  a   transparent   glass} 

liquid. 

Sodium  When   silicon   dioxide,  SiO^,  is   fused   with    sodium 

Silicates.  hydroxide,  a  product  is  formed  the  composition  of  which 
depends  upon  the  proportion  in  which  the  substances  interact.     When 

Na—o  ^^^  equivalent  of  silica  interacts  with  four  equivalents  oi 

jva— o^S*  sodium  hydroxide,  sodium  orthosilicate,  Na4Si04,  is  formed, 
jva-o  g-Q^  _,_  ^  ^^QYL  =  Na^SiO*  +  2  H^O 


PRIMARY   SERIES  — GROUP  IV  — SILICON  119 

3-^_Q  With   proportionately   less   sodium    hydroxide   sodium 

jv'a— 0        "     metasilicate^  NajSiOa,  is  the  product  formed. 

SiOj  -+-  2  NaOH  =  NajSiOj  +  HjjO 

The  same  compounds  may  be  formed  by  the  fusion  of  silicon  dioxide 
with  sodium  carbonate,  in  suitable  proportions  and  under  suitable 
conditions  of  temperature. 

SiO,  4-  2  Na.2C03  =  Na4Si04  4-  2  CO2 

SiOi  +  Na^CO.,  =  NajSiOg  -h  CO, 

In  a  similar  manner,  by  fusing  silicon  dioxide  with  potassium  hydrox- 
ide, or  with  potassium  carbonate,  in  suitable  proportions,  we  may  obtain 
potassium  metasilicate,  KjSiOa.  Potassium  orthosilicate  has  never  been 
prepared  in  a  state  of  purity. 

Poiysili-  Still  other  compounds,  richer  in  silicon  than  the  orthosili- 

cates.  cates  or  the  metasilicates,  and  known  as  the  poly  silicates  ^ 

may  be  prepared  by  fusing  silicon  dioxide  with  suitable  reagents.  Thus, 
by  the  interaction,  under  conditions  of  fusion,  of  two  equivalents  of 
silicon  dioxide  with  one  equivalent  of  sodium  hydroxide,  sodium 
iiisilicate^  Na^SijOa,  may  be  obtained. 

2  SiOa  +  2  NaOH  =  Na^SiA  +  H^O 

With  still  higher  proportions  of  silicon  dioxide,  sodium  trisilicaUy 
NajSisOj,  may  be  formed, 

3  SiOj  4-  2  NaOH  =  NagSiA  +  HjO 
with  still  higher  proportions,  sodium  tetrasilicate^  NajSi409, 

4  SiOj  4-  2  NaOH  =  Na2Si409  -h  H2O 
and  even  sodium  pentasilicate,  NagSisOn,  may  be  the  product. 

5  SiOa  -h  2  NaOH  =  Na-jSi^Ou  -h  H.O 

The  same  compounds  may  be  produced  by  fusing  silicon  dioxide  with 
sodium  carbonate  in  the  required  proportions. 

Similar  polysilicates  of  potassium  may  be  obtained  by  fusing  silicon 
dioxide  with  potassium  hydroxide  or  potassium  carbonate  in  amounts 
larger  than  would  be  required  for  the  formation  of  potassium  metasilicate. 

When  silicon  dioxide  is  acted  upon  by  a  concentrated  solution  .of 
sodium  hydroxide  or  of  sodium  carbonate,  either  the  sodium  orthosili- 
oate,  or  the  sodium  metasilicate  or  one  or  more  of  the  polysilicates  may 
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be  formed  according  to  the  condition  of  concentration  and  the  tempera- 
ture of  the  solution.  In  the  same  manner,  mixtures  of  the  potassium 
silicates  may  be  formed  by  acting  upon  silicon  dioxide  with  solutions  of 
potassium  hydroxide  or  of  potassium  carbonate. 

A  mixture  of  sodium  silicates,  known  commercially  as  solubk  soda 
glasSf  is  obtained  as  a  glassy  mass  by  heating  together  in  proper  propor- 
'  tions  white  sand,  sodium  carbonate,  and  charcoal,  or  by  acting  upon 
flint  with  a  boiling  solution  of  sodium  hydroxide.  When  the  product  i- 
powdered,  it  dissolves  readily  in  water,  forming  a  viscous  liquid  from 
which  may  be  obtained  crystals  of  the  composition  Na^ifO^  •  1 2  HjO. 
Soluble  soda  glass  is  employed  in  frescoing  and  as  a  cement.  A  similar 
soluble  potash  glass  may  be  made  by  methods  similar  to  those  employed 
for  the  production  of  the  cheaper  sodium  product. 

When  a  concentrated  solution  of  a  silicate  is  acted  upon 
very  gradually  by  an  acid,  a  hydrogel  is  formed,  the  compo- 
sition of  which  is  variable.  Thus,  when  we  act  upon  a  solution  of  sodium 
orthosilicate,  with  hydrochloric  acid,  the  resulting  precipitate  may 
consist  of  the  unstable  orthosilicic  acid^  H4Si04,  corresponding  in  structure 
to  sodium  orthosilicate,  Na4Si04, 

Na4S!04  +  4  HCl  =  H4Si04  -f-  4  NaCl 

and  the  same  unstable  compound  may  be  present  in  the  precipitate 
formed  by  acting  upon  a  solution  of  sodium  metasilicate,  Na^Oj. 
with  hydrochloric  acid. 

NasSiOs  +  2  HCl  +  HjO  =  H4Si04  -f  2  NaCl 

The  orthosilicic  acid  cannot,  however,  be  prepared  in  free  condition, 
for  when  the  precipitate  is  dried,  it  loses  water,  and  the  residue  remain- 
ing has  a  composition  dependent  upon  the  conditions  under  which  it  is 
dried.  Thus,  when  dried  in  a  vacuum  the  residue  has  the  composition 
of  metasilicic  acid^  HoSiOa,  corresponding  to  the  sodium  metasilicate 
already  mentioned.  When  dried  over  sulphuric  acid,  or  in  air  at  dcfi- 
Poiysiiicic  nite  temperatures,  other  oxyhydroxides  Corresponding  in 
Acids.  composition  to  the  sodium  polysilicates,  and  known  as  the 

polysilicic  acidSy  may  be  formed.  When  the  hydrogel  is  dried  in  air  at 
ordinary  temperature,  the  residue  has  the  composition  of  disilicic  and. 
HjSiaOa,  and  at  higher  temperatures  we  may  get  trisilicic  acid,  HjSi,0> 
tetrasilicic  acid,  H2Si409,  and  pcntasilicic  acid,  HjSiaOu,  corresponding  in 
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composition  to  the  disilicate,  trisilicate,  tetrasilicate  and  pentasilicate  of 
sodium  respectively.     All  of  these  unstable  compounds  may  be  consid- 
ered to  be  derivatives  of  orthosilicic  acid,  H4Si04,  from  which  they  are 
'formed  by  a  process  oi  condensation  by  the  removal  of  water. 

H4Si04  =  HaSiOg    +  H2O 

(ortho)  (meu) 

2  HgSiOs  =  H^Si  A  +  H,0 

(meta)  (di) 

H,SiO,  +  H^i  A  =  H^isO,  +  H,0 

(meu)  (di)  (tri) 

(tri)  (meta)  (tetra) 

HjSiA  +  H^iO,  =  HjSiAi  +  HjO 

(tetra)  (meta)  (penta) 

When  the  hydrogel  of  silicic  acid  is  heated  strongly,  all  of  the  water 
of  hydration  may  be  driven  off,  and  silicon  dioxide  may  be  formed  as 
a  finely  divided  white  powder. 

H4Si04  =  SiO.,  +  2  H2O 
HjSiOa  =  SiOi  -h  H,0 

Such  artificially  prepared  sihca  is  more  readily  acted  upon  by  concen- 
trated solutions  of  alkali  hydroxides  or  alkali  carbonates  than  is  quartz, 
the  commonest  natural  form  of  silica. 

When  a  large  amount  of  the  hydrochloric  acid  is  added  at  once  to 
solutions  of  the  sodium  siUcates  or  potassium  silicates,  a  considerable  pro- 
portion of  the  silicic  acid  formed  remains  in  solution,  and  in  solutions 
sufficiently  dilute  no  formation  of  the  hydrogel  takes  place,  the  silicic 
acids  formed  remaining  dissolved  as  a  hydrosol  in  the  water  along  with 
the  sodium  chloride  which  is  formed  simultaneously.  The  sodium  chlo- 
ride and  the  excess  of  hydrochloric  acid  may  be  removed  from  such  a 
clear  solution  by  dialysis.  The  non-crystallizable  or  colloidal  silicic 
acid,  being  unable  to  pass  through  the  porous  wall  of  the  dialyzer,  will 
remain  in  the  solution  by  itself  until  by  concentration  or  addition  of 
certain  substances,  like  carbon  dioxide  or  sodium  carbonate,  it  forms 
the  hydrogel. 

Mineral  Besides  the  silicates  of  sodium  and  of  potassium  which 

Silicates.        ^^  jj^ve  mentioned  there  are  many  other  silicates,  both 
artificial  and  natural,  which  have  a  composition  analogous  to  that  of 


k 
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the  unstable  orthosilicic  acid,  metasilicic  acid,  or  the  polysilicic  acids. 
Although  little  is  known  of  the  true  constitution  of  these  more  com- 
plex insoluble  mineral  silicates,  we  may  for  convenience  classify  thrin 
with  the  sodium  silicates  which  they  appear  most  nearly  to  resemble. 
Many  mineral  silicates  have  the  composition  of  basic  salts  j  many, 
like  the  so-called  zeolites,  are  hydrated,  containing  water  of  crystalli- 
zation. They  are  all  similar  to  the  sodium  silicates  in  that  they  may  U 
decomposed  by  acids,  with  the  formation  of  a  gelatinous  precipitate  of 
silicic  acid. 

Among  the  mineral  silicates  for  which  we  may  assume  symbols  cone- 
sponding  to  the  different  silicic  acids  we  may  mention  several : 

Ortoosiucates 


^Q^Si  ChrysoliU. 


'^ 


Ca\r^        AnorMte. 

^     ■ 


H-O 

Al-Ox 

^/Si  Muscovite. 

Al-0   ' 
\0 
/0\\. 


/0\ 
Al-0\^. 


Garnet. 


Metasilicates 


Ca 


,<g>Si=0 


WoUastonite, 


Mg<^Q^Si=0  EnstaHfc. 


Leucite, 
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H-O 


H-O/* 


Al-0/Si=0 
\0^ 


=""  ..,)5>=o 


=0 

Tale. 


•i^/Si  =  0  Emerald, 


=0  •      /n^Si=0 

=0  )8>=o 


POLYSILICATES 

K-0-Si=0  Na-0-Si=0 

>  > 

Si=0  Orthoclase.  Si  =  0  /^/^/>. 

>  > 

0=Al-0-Si=0  0=Al-0-Si=0 

Binary  Certain  binary  compounds  of  silicon^  in  which  silicon  acts 

Compoands.     as  a  positive  ion,  may  be  made  by  acting  upon  silicon  dioxide 
with  suitable  reagents, 

/P         When    hydrofluoric    acid,   HF,   is    allowed    to    act 
si/^^T     upon  silicon   dioxide,  silicon  fluoride ^  SiF^,  a   colorless 
\p     fuming  gas  of  penetrating  odor,  is  formed. 

Si02  +  4HF  =  SiF4  +  2H2O 

This  compound  is  made  most  readily  by  warming  a  mixture  of  calcium 

fluoride,  CaFj  {fluorspar)^  silicon  dioxide  (sand),  and  sulphuric 

acid. 

Si02+2CaF,+  2H2S04  =  SiF4  4-2  CaS04+2  HjO 

In  the  action  of  hydrofluoric  acid  upon  silicon  dioxide  we  have  the 
usual  action  of  an  acid  upon  an  oxide  to  form  a  salt  and  water.  In  the 
ordinary  mutual  neutralization  of  a  base  with  an  acid  the  action  is  not 
reversible,  —  that  is,  the  water  formed  is  inert,  and  does  not  act  upon 
the  salt  formed.  In  the  case  of  the  formation  of  silicon  fluoride,  how- 
ever, and,  as  we  shall  see  later,  in  the  formation  of  many  other  binary 
compounds  of  weak  positive  elements,  we  find  examples  of  salts  which 
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are  hydrolyzed  with  the  partial  reversal  of  the  reaction  of  neutralization 
by  which  they  were  formed. 

When  silicon  fluoride,  SiF4,  is  allowed  to  act  upon 
JT— F=*F/    xP  ^^^^^9  ^^  forms  in  solution  a  compoimd  known  as  hy- 
drogen silicofluoride^  HgSiFe  (hydrofluosilicic  acid),  which 
is  known  only  in  solution,  while  the  hydrogel  of  silicic  acid  separates. 

3  SiF4  4-  4  H2O  =  2  HjSiFe  +  H^SiO* 

A  solution  of  hydrogen  silicofluoride  may  be  prepared  by  leading  the 
gaseous  silicon  fluoride  from  the  generator  through  a  delivery  tube  into 
water  contained  in  a  glass  cylinder,  taking  care  to  dip  the  end  of  the 
tube  into  mercury  contained  in  the  bottom  of  the  cylinder,  to  prevent 
the  end  of  the  tube  from  becoming  clogged  by  the  hydrogel  of  silicic 
acid  which  is  formed  with  the  hydrogen  silicofluoride.  The  gelatinous 
precipitate  may  be  removed  by  filtration. 

Hydrogen  silicofluoride,  HgSiFe,  has  a  composition  analogous  to  that 
of  metasilicic  acid,  HjSiOg,  differing  from  the  latter  compound  in 
the  fact  that  it  contains  six  atoms  of  fluorine  in  the  place  of  three 
atoms  of  oxygen.  It  is  an  acid  and  neutralizes  bases  with  the  forma- 
tion of  salts  known  as  the  silicoftuorides.  Thus,  when  we  act  upon 
sodium  hydroxide  with  hydrogen  silicofluoride,  we  obtain 
white  fairly  soluble  sodium  silicofluoride^  NajSiFg. 

jVa-P=P\sj/P  2  NaOH  4-  HjSiFa  =  Na^SiFc  +  2  HjO 

jra-F=FX  \p 

Many  other  silicofluorides  are  known,  those  of  potas- 
sium, calcium,  and  barium  being  only  slightly  soluble  in  water. 

When  a  solution  of  hydrogen  silicofluoride  is  heated  at  low  tem- 
perature it  decomposes  into  hydrofluoric  acid  and  silicon  fluoride,  SiF|. 

HjSiFe  =  SiF4  -f  2  HF 

Silicon  dioxide  will  not  act  upon  hydrochloric  acid  to  form 
a  salt.     When,  however,  a  stream  of  chlorine  is  conducted 
over  a  mixture  of  silicon  dioxide  and  carbon,  heated  to 
redness  in  a  porcelain  tube,  silicon  chloride,  SiCl4,  is  fonncd, 
which  condenses  to  a  colorless,  fuming  liquid,  which  boils  at  59^ 

Si^  +  2C  +  2CI-CI  =  Si/^j  +  2C=0 
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The  reduction  of  the  silicon  dioxide,  which  could  not  be  effected  by  the 
action  upon  it  of  chlorine  alone,  is  made  easy  by  the  presence  of  car- 
bon. When  water  acts  upon  silicon  chloride,  hydrochloric  acid  and 
the  hydrogel  of  silicic  acid,  H4Si04,  are  formed. 

SiCl4  +  4  HaO  =  H^SiO^  +  4  HCl 

Silicon  bromide y  SiBr^,  a  colorless  liquid,  and  silicon  iodide,  Sil4,  a 
colorless  crystalline  solid,  may  be  prepared  by  methods  similar  to  those 
employed  to  make  silicon  chloride. 

Silicon  chloroform,  SiHCls,  a  volatile  liquid,  is  known,  as  are  also 
compounds  of  silicon  with  organic  radicals,  such  as  Si(CH3)4  and 
Si (€0^15)4.  Silicon  also  enters  into  the  composition  of  various  complex 
compounds  of  carbon. 

Other  binary  compounds  of  silicon  are  known,  such,  for  example,  as 
the  solid  substances,  magnesium  silicide,  MgoSi,  silicon  sulphide^  SiS2, 
silicon  carbide,  SiC  (carborundum),  silicon  nitride,  ^\^^,  and  the  gas- 
eous silicon  hydride,  SiH4,  obtained  by  the  action  of  hydrochloric  acid 
upon  magnesium  silicide. 

„.,.  When  a  mixture  of  silicon  dioxide,  SiOo,  and  pow- 

Silicon.  1       J 

dered  magnesium  is  heated,  silicon  is  produced  as  a  brown 

amorphous  powder. 

Si^g  +  2Mg  =  Si  +  2Mg=0 

Silicon  may  also  be  obtained  by  heating  silicon  fluoride,  SiF4,  with 
sodium. 

Si/]^  +  4Na  =  Si  +  4Na-F 

\f 

It  was  first  obtained  in  pure  condition  by  Berzelius  in  1823  by  heating 
potassium  silicofluoride,  KjSiPe,  with  potassium. 

KjSiFe  +  4  K  =  Si  +  6  KF 

The  amorphous  silicon  is  readily  oxidized  to  silicon  dioxide  when 
heated  in  air.  A  crystalline  form  of  silicon,  obtained  as  grayish  black 
octohedra,  of  great  hardness,  by  fusing  sodium  silicofluoride,  NajSiFe, 
with  sodium  and  zinc,  does  not  oxidize  when  heated  in  air,  and  is  not 
attacked  by  ordinary  acids.     Silicon  has  a  specific  gravity  of  about  2.5. 
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It  is  acted  upon  by  alkali  hydroxides  with  formation  of  silicates  of  the 
alkali  elements,  and  it  combines  with  chlorine  to  form  silicon  chloride. 

Orthosiiicic  acid,  formed  by  the  action  of  acids  upon  natiu 
silicateSy  is  not  known  in  definite  condition^  although  it  ma% 
exist  in  solution  and  as  a  solid  of  unstable  composition  ;  metasi/icic  add 
and  certain  other  unstable  oxy silicic  acids  known  as  polysilicic  acids  may 
be  prepared  as  white  solids ;  all  the  silicic  acids  may  be  decomposed  by 
heating  into  silicon  dioxide  and  water.  Sodium  orthosilicate^  and  the 
metasilicates  and  polysilicates  of  sodium  and  of  potassium  as  well^  may  b* 
prepared,  all  of  which  are  white  solids,  many  of  them  soluble  in  wat^r. 
and  readily  decomposed  by  acids  with  the  formation  of  a  gelatinous,  cohrr- 
less  precipitate  from  which  metasilicic  acid  and  the  various  polysilicic  acids 
may  be  prepared.  The  silicates  of  elements  other  than  the  alkali  elenuHts 
are  generally  complex  in  composition,  insoluble  in  water,  and  decofnposed 
by  acids  with  more  or  less  difficulty. 

The  gaseous  silicon  fluoride  may  be  made  by  acting  with  hydrofiuori: 
acid  upon  silicon  dioxide^  and  is  soluble  in  water  with  the  formation  ct 
hydrogen  silicofluoride^  an  acid  which  forms  salts  with  strong  bases  ;  the 
liquid  silicon  chloride  may  be  made  by  acting  upon  silicon  dioxide  with 
chlorine  in  the  presence  of  carbon  ^  and  may  also  be  formed  by  direct  com- 
bination of  silicon  with  chlorine. 

Industrial  The  i^ractical  application  of  the  silicon  compounds  con- 

AppUcationa.  gists  in  the  utilization  of  the  natural  silicates,  princi[>a]Iy  the 
clays,  in  the  manufacture  of  cement  and  artificial  stone,  in  niaking 
ceramic  wares,  such  as  the  non-porous  porcelain  and  stoneware,  and 
the  porous  bricks,  terra  cotta,  and  common  crockery,  and  in  glass  mak- 
ing. We  shall  briefly  consider  each  of  these  important  branches  of 
industry. 

p  Cement  consists  of  a  powdered  mixture  of  certain  complex 

anhydrous  silicates  and  aluminates  of  calcium  which  possess 
the  property  of  combining  chemically  with  water,  forming  a  compound 
of  great  hardness  and  permanenc:e.  Sometimes  natural  mixtures  of 
silicates  are  found  which  only  require  fine  grinding  and  admixture  with 
lime  to  assume  the  property  of  hardening  with  water.  The  pozzuolanw 
cements,  made  from  silicates  of  volcanic  origin  found  in  Italy,  and  used 
since  ancient  times,  are  of  this  variety.  Similar  cements  are  somedznes 
made  from  blast  furnace  slags  and  from  the  ashes  of  certain  kinds  of 
coal.  The  so-called  Roman  cements  are  made  by  "  burning  "  in  kili^ 
suitably  selected  limestones,  wjiich  contain,  besides  calcium  carbonate. 
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suitable  proportions  of  clay.  The  heating  is  continued  at  carefully 
regulated  temperature  until  all  the  carbon  dioxide  is  driven  off,  but  is 
stopped  before  the  mass  is  reduced  to  a  state  of  fusion.  The  presence 
of  magnesium  compounds  does  not  affect  the  value  of  these  cements. 
In  the  United  States  the  RosendaU  cements,  made  from  the  clay  lime- 
stone found  in  New  York,  is  largely  used.  The  more  important  Port- 
land cement^  an  artificial  product,  is  made  by  grinding  and  thoroughly 
mixing  suitable  proportions  of  calcium  carbonate  and  clay  rich  in  silica, 
and  either  drying  and  pressing  the  mixture  into  bricks,  "burning"  the 
bricks  in  specially  constructed  kilns  in  which  coke  or  coal  is  used  as  a 
fuel,  until  the  carbon  dioxide  is  all  driven  out,  and  grinding  the  bricks 
to  a  fine  powder ;  or  else  feeding  the  mixture  into  a  rotary  cylindrical 
kiln  heated  by  gaseous  fuel,  or  by  powdered  coal  carried  in  an  air  blast, 
and  grinding  the  continuously  delivered  product.  When  the  powdered 
Roman  or  Portland  cement  is  mixed  with  one  third  of  its  weight  of 
water  and  a  suitable  quantity  of  sand,  the  water  commences  to  com- 
bine with  the  cement,  causing  it  to  '*  set  *'  or  permanently  harden, 
the  rapidity  of  the  hardening  process  depending  upon  the  purity  of  the 
cement,  the  proportion  of  sand  present,  and  the  temperature  of  the  water, 
-ml  T^^  manufacture  of  ceramic  wares  from   clay  depends 

upon  the  fact  that  when  clay,  which  is  a  hydrated  aluminium 
silicate,  exceedingly  plastic  when  moist,  is  heated,  the  water  of  hydra- 
tion is  driven  off,  and  a  hard,  stone-like  mass  is  left.  The  purest  form 
of  clay,  the  kaolin  {kaolinite)^  or  china  clay,  formed  directly  by  the 
weathering  of  feldspar  rocks,  is  of  granular  or  crystalline  structure,  not 
very  plastic  when  moist,  and  burns  without  shrinkage,  forming  white 
pottery.  The  fire  clays  are  very  infusible  forms  of  kaolin,  rich  in  silica, 
found  underlying  coal  beds. 

In   the   manufacture   of  porcelain,   the   most   important 

porous  ceramic,  the  mixed  materials,  which  have  been 
kneaded  and  set  aside  to  age  for  a  suitable  time,  are  molded  into  any 
desired  shape  on  a  revolving  horizontal  table,  known  as  the  "  potter's 
wheel,"  allowed  to  dry  slowly  at  ordinary  temperature,  and  then  burned 
in  an  especially  constructed  kiln  at  low  red  heat  until  they  cohere 
sufficiently  to  be  glazed.  The  glazing  is  accomplished  by  dipping  the 
article  into  a  "glazing  mixture,"  drying,  and  burning  a  second  time  in 
the  kiln,  by  which  the  glaze,  in  a  state  of  fusion,  becomes  more  or  less 
perfectly  incorporated  into  the  surface  of  the  material.  The  hard 
Ber/in  porcelain  has  a  body  of  kaolin,  quartz,  and  feldspar,  and  is  glazed 
at  very  high  temperature  with  feldspar.  The  soft  porcelains,  like  Eng- 
lish  china.  Shares  ware,  and  Japanese  ware,  consist  of  a  body  of  kaolm 
mixed  with  other  materials,  and  are  glazed  at  lower  temperature  with 
a  preparation  of  lead  and  boric  acid.  The  cheaper  porous  stoneware 
is  made  of  impure  clays,  often  colored  by  iron  oxide,  and  is  glazed 
with  sodium  chloride,  which  coats  the  surface  of  the  stoneware  with 
fusible  silicates.     Wedgwood  ware  is  an  unglazed  variety  of  stoneware. 
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^  .  In  the  manufacture  of  brick^  another  porous  ceramic,  com- 

mon clay  is  allowed  to  stand  exposed  to  the  air  for  some 
months,  then  screened,  mixed  thoroughly  with  water  in  proper  amount, 
and  when  necessary  with  other  solid  material,  dried  by  exposure  to  air 
under  cover,  and  finally  "  fired  "  to  the  required  temperature  in  an  open 
kiln,  made  of  the  air-dried  brick,  or  in  closed  kilns  of  special  construc- 
tion. Wood  or  coal  is  usually  employed  as  fuel.  The  cheaper  grades 
of  bricks,  made  from  ordinary  clay  heated  to  about  1000°,  are  usuaDv 
dark  red,  gray,  or  bluish  in  color,  according  to  the  amount  of  iron  oxide. 
Fe203,  formed  in  the  heating,  while  some  bricks,  made  of  clays  rich  in 
compounds  of  calcium  as  well  as  of  iron,  are  yellow  or  cream  colored. 
The  h2S(^QT  paving  bncks  are  heated  to  from  1200''  to  1300%  at  which 
temperature  they  become  partially  fused.  Fire  bricks  are  made  by 
heating  compressed  fire  clay,  to  which  silica  has  been  added,  to  a  very 
high  temperature.  Common  pottery,  another  porous  ceramic,  is  made 
of  fusible  clay,  molded  on  a  potter's  wheel,  heated  in  a  kiln,  and  glazed. 
Tiles  oi  many  sorts  are  similarly  made. 

Glass'  Glass  is  a  non-crystalline  transparent  mixture  of  sodium 

silicate  or  potassium  silicate  with  silicates  of  other  elements. 
principally  calcium  and  lead.  In  some  kinds  of  glass,  principally  the 
colored  varieties,  compounds  of  various  metals,  such  as  iron,  chromium, 
cobalt,  and  manganese,  are  present.  Glass  is  hardly  appreciably  soluble 
in  water,  although  it  is  slowly  attacked  by  strong  basic  hydroxides. 
Ordinary  acids  do  not  affect  it,  although  hydrofluoric  acid  acts  upon  it. 
Glasses  which  contain  a  high  proportion  of  silicon  are  brittle,  not  readily 
attacked  by  reagents,  and  are  difficult  to  fuse ;  while  glasses  containing 
a  high  proportion  of  sodium  or  potassium  are  less  brittle,  more  readily 
decomposed,  and  are  easily  fusible.  The  principal  substances  used  in 
glass  making  are  silicon  dioxide  (white  sand,  powdered  quartz,  or  sand- 
stone), sodium  carbonate  (soda  ash)  or  potassium  carbonate  (pearl  ash), 
and  either  calcium  carbonate  (marble,  limestone)  or  lead  oxide  (litharge), 
or  red  lead  oxide,  according  to  the  kind  of  glass  to  be  made.  The  raw 
materials  are  finely  ground  and  thoroughly  mixed,  and  then  strongly  heated 
in  carefully  constructed  y?r^/^/j  of  fire  clay  until  fusion  results,  when  the 
temperature  is  suddenly  raised  to  clear  the  mass  of  gases  and  solid  par- 
ticles, and  then  lowered  until  the  mixture  becomes  pasty,  when  it  is  fit 
for  working. 

When  colored  glasses  are  desired,  suitable  oxides  or  salts  of  metals, 
or  the  metals  themselves  in  finely  divided  condition,  are  added  to  the 
mixed  material  before  the  heating  is  commenced.  Thus,  ferrous  oxide 
or  chromous  oxide  give  green  glass,  alkali  sulphides  give  a  yellow  glasss 
cobaltic  oxide  or  cupric  oxide  give  a  blue  glass,  and  copper,  cuprous 
oxide,  or  gold  gives  a  red  glass. 

Plate  glass  is  made  by  pouring  the  contents  of  the  fire  pot  out  on  a 
flat,  iron  table,  where  it  is  rolled  into  the  requisite  size  and  thickness* 
Soda-lime  glass  is  best  adapted  for  casting  and  rolling.     Bliyvon  glass  19 
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niade  by  collecting  a  mass  of  molten  glass  on  the  end  of  an  iron  "  pipe  " 
and  then  blowing  into  the  pipe  from  the  lungs,  shaping  the  resulting 
bubble  of  glass  in  the  desired  form  either  by  dextrous  movements  of 
the  pipe  or  by  pressing  into  molds.  Soda-lime  glass  is  also  well 
adapted  for  blowing.  The  ordinary  window  glass  is  made  by  blowing 
a  mass  of  glass  into  a  cylindrical  form  which  is  subsequently  cut  length- 
wise and  flattened  out  into  a  sheet.  Glass  utensils,  such  as  drinking 
vessels,  bottles,  and  lamp  chimneys,  are  usually  made  of  blown  glass. 
All  glass,  whether  cast  into  plates  or  blown,  must  be  subjected  to  an 
annealing  process  by  which  the  glass,  in  an  especially  constructed  fur- 
nace, is  allowed  to  cool  very  gradually  for  a  considerable  time  to  permit 
an  equalization  of  tension  throughout  the  mass.  Glass  which  has  been 
cooled  without  annealing  is  continually  under  internal  stress,  and  will 
fly  to  pieces  when  slightly  scratched,  as  may  be  readily  shown  by  break- 
ing the  tail  of  a  "  Prince  Rupert's  drop."  After  annealing,  the  glass  is 
burnished  with  sand  and  water,  and  is  finally  polished  with  emery  or 
felt.  Cut  glass  is  made  from  a  lead  glass  which  is  roughly  shaped 
by  blowing  or  pressing,  and  then  cut  into  any  chosen  design  by  a 
revolving  abrasive  wheel. 

Titanium,  Ti,  48,1 

Titanium  is  a  constituent  of  many  minerals  of  uncommoti  occurrence, 
notably  the  three  varieties  of  native  and  differently  crystalline  titanium 
dioxide y  Ti02,  known  as  rutile^  anatase^  and  brookite.  It  occurs  also 
combined  in  small  amounts  in  many  clays,  in  iron  ore,  and  in  bauxite ^ 
the  ore  from  which  aluminium  is  made.  When  the  native  and  more 
or  less  impure  titanium  dioxide  is  fused  with  potassium  hydrogen  fluo- 
ride, KHFj,  and  the  mass  extracted  with  boiling  water  containing  hydro- 
fluoric acid,  HF,  a  solution  is  formed  from  which  crystalline  scales  of 
potassium  fluotitanate,  KjTiFg*  HjO,  which  become  anhydrous  at  100°, 
separate  out  on  cooling. 

Titanium,  in  more  or  less  pure  form  and  probably  containing  some 
titanium  nitride,  is  obtained  by  heating  potassium  fluotitanate  with 
potassium.  It  is  a  gray  powder,  slightly  acted  upon  by  boiling  water 
with  evolution  of  hydrogen,  oxidized  to  titanium  dioxide,  TiOj,  when 
heated  in  air,  attacked  by  warm  hydrochloric  acid,  by  dilute  hydrofluo- 
ric acid,  nitric  acid,  and  sulphuric  acid,  and  capable  when  heated  of 
combining  directly  with  chlorine  and  with  the  nitrogen  of  air  to  form  a 
nitride. 

From  a  boiling  solution  of  recrystallized  potassium  fluotitanate,  ammo- 
nium hydroxide  precipitates  titanic  hydroxide,  Ti(0H)4,  which  upon 
ignition  yields  pure  titanium  dioxide,  TiOj. 

Titanic  hydroxide,  Ti(()H)4,  and  titanium  dioxide,  TiOj,  are  acted 
upon   by   sulphuric  acid  of  suitable   strength  to  form  the  sulphates. 
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(TiO)S04  •  H2O,  and  (TiO)S04 ;  while  titanium  dioxide  acts  upon  fused 
sodium  carbonate  and  fused  potassium  carbonate  to  produce  sodium 
metatitanate,  Na^TiOg,  and  potassium  metatitanate^  KjliOs-  So  it  ap- 
pears that  titanium  enters  into  some  compounds  as  a  quadrivalent  |x>sitive 
ion  and  into  some  others  as  a  quadrivalent  constituent  of  the  negative  ion. 

Characteristic  compounds  of  quadrivalent  titanium  are :  titanic  hytircx- 
ide  or  titanic  acid,  ^^X\0^\  metatitanic  acidy  H^TiOj,,  formed  from 
titanic  hydroxide  at  120°,  and  even  by  drying  over  sulphuric  acid; 
titanium  dioxide j  TiOg,  white,  attacked  by  fairly  strong  and  hot  sulphuric 
acid,  and  more  easily  by  hydrofluoric  acid ;  liquid  colorless  tiianium 
tetrachloride y  '\VC:\,  formed  by  the  action  of  chlorine  upon  an  ignited 
mixture  of  carbon  and  titanium  dioxide,  and  at  once  hydrolyzed  by  water ; 
the  alkali  fluotitanates,  such  bls  potassium  fluotitanate,  KjTiFj ;  the  meta- 
titanates,  represented  by  the  native  minerals  perovskite,  CaTiO,,  and 
i/menitCy  FeTiO^,  as  well  as  by  the  alkali  metatitanates,  NagTiOj,  and 
K/riO:, ;  the  polytitanates  formed  by  more  or  less  extensive  hydrolysis 
of  the  alkali  titanates,  or  by  precipitation  with  an  alkali  carbonate  of 
solutions,  such  as  KjTieOia  •  3  H^O,  obtained  by  acting  upon  titanic 
hydroxide  with  an  acid. 

Titanium  dioxide,  TiOj,  when  heated  in  hydrogen,  gives  black  tita- 
nium sesquioxide,  TigOs,  corresponding  to  which  is  known  violet-blue 
titanium  sesquichloride,  Ti^Cl^,  obtained  anhydrous  by  acting  at  180®  to 
200°  upon  titanium  tetrachloride,  TCI4,  with  finely  divided  silver,  and 
dissolving  to  a  violet-blue  solution  which  is  also  formed  by  the  action 
of  a  metal,  like  zinc,  upon  the  solution  of  titanic  hydroxide  in  hydro- 
chloric acid  or  sulphuric  acid.  A  still  lower  chloride,  TiClj,  is  kno^n. 
Certain  compounds  of  titanium  with  nitrogen,  titanium  nitrides^  TiNj> 
and  Ti8N4,  are  also  of  interest. 


Zirconium,  Zr,  90.6 

Zirconium  is  found  in  many  rare  minerals,  chiefly  silicates,  of  which 
zircon,  ZrSi04,  is  the  most  important.  When  finely  powdered  zircon  is 
fused  with  potassium  hydrogen  fluoride,  the  mass  pulverized  and  ex- 
tracted with  hot  water,  and  the  solution  cooXt^,  potassium  fluozirconate^ 
KgZrFg,  crystallizes  out.  Other  fluozirconates  are  known,  as  sodium 
fluozirconate,  Na^ZrEo,  and  ammonium  fluozirconate,  (NH4)*ZrFV  Zir- 
conium may  be  obtained  by  reducing  fluozirconates  by  suitable  metais. 
It  occurs  in  allotropic  forms :  the  amorphous  form,  a  black  powder, 
obtained  by  the  action  of  potassium  upon  potassium  fluozirconate  ;  the 
graphitic  form,  made  by  the  action  of  iron  at  850**  upon  sodium  fluozir- 
conate ;  the  crystalline  form,  hard  steel-gray  leaflets,  made  by  fusing 
potassium  fluozirconate  with  aluminium. 

Heated  in  the  air,  zirconium  oxidizes,  the  amorphous  form  burning, 
with  formation  of  zirconium  dioxide,  Zr02.     Normal  zirconium  hydrox- 
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ide,  Zr(OH)4,  is  not  definitely  known,  but  metazirconic  acid^  HjZrOg, 
white  and  voluminous,  is  precipitated  when  ammonium  hydroxide  acts 
upon  the  solution  obtained  by  heating  potassium  fiuozirconate  with  sul- 
phuric acid,  and  this,  when  freshly  precipitated,  is  attacked  by  strong 
acids,  but  is  unaffected  by  alkali  hydroxides. 

Zirconium  oxide,  ZrOj,  white  and  powdery,  is  obtained  by  ignition  of 
metazirconic  acid.  On  fusion  with  alkali  hydroxides  or  carbonates  it 
forms  zirconateSy  like  sodium  metazirconaiey  NaaZrOa,  which  are  hydro- 
lyzed  with  formation  of  polyzirconates,  like  the  sodium  zirconate, 
NaoZr^Oij  - 1 2  H2O.  Zirconium  dioxide  is  attacked  by  concentrated 
sulphuric  acid,  and  from  the  solution  may  be  obtained  various  salts,  of 
which  zirconium  sulphate,  Zr(S04)2,  and  Zr(S04)2  •  4  H2O,  are  character- 
istic, as  well  as  acidic  and  basic  sulphates.  So  it  appears  that  zirconium 
enters  into  compounds  as  a  quadrivalent  positive  ion,  while  it  may  also 
be  a  quadrivalent  constituent  of  the  negative  ion  of  certain  salts. 

Zirconium  chloride,  ZrCl4,  is  formed  as  a  white  volatile  sublimate 
when  a  mixture  of  zirconium  dioxide  with  carbon  is  heated  in  dry 
chlorine ;  it  dissolves  in  water  with  a  hissing  sound  and  forms  a  solution 
from  which  zirconium  oxychloride,  ZrOCl^  •  8  H2O,  capable  of  yielding 
other  oxychlorides  on  gentle  heating,  may  be  crystallized.  Potassium 
fiuozirconate,  KaZrFg,  already  mentioned,  is  a  characteristic  compound. 
The  power  to  emit  an  intensely  white  and  brilliant  light  when  heated 
makes  zirconium  dioxide  (zirconia)  useful  as  a  luminous  material  in  the 
oxyhydrogen  flame.  It  is  also  used  as  a  constituent  of  the  mantles  of 
the  Welsbach  lights. 

Cerium,  Ce,  140.25 

Cerium  occurs  in  several  rare  minerals  and  notably  in  cerite.  By 
heating  cerite  with  strong  sulphuric  acid,  raising  the  mass  to  low  red- 
ness, cooling,  extracting  with  water,  removing  impurities  by  the  acting 
with  hydrogen  sulphide  and  filtering,  and  precipitating  by  oxalic  acid, 
the  oxalates  of  cerium,  lanthanum,  praseodymium,  and  neodymium  may 
be  obtained.  Upon  igniting  these  oxalates,  oxides  are  formed  which 
are  acted  upon  by  hydrochloric  acid,  and  from  the  resulting  solution 
potassium  hydroxide  precipitates  the  corresponding  hyOroxides,  which, 
acted  upon  by  excess  of  chlorine,  pass  into  solution,  while  reddish  eerie 
hydroxide,  Ce(OH)4,  more  or  less  dehydrated,  is  formed  and  remains 
undissolved.  Ceric  hydroxide  yields  upon  ignition  yellowish  eerie  oxide, 
or  cerium  dioxide,  CeOj,  and  is  acted  upon  by  acids  forming  generally 
yellow  salts  like  ceric  fluoride  or  cerium  tetrafliioride,  CeF4  •  H-^O,  ceric 
sulphate,  CeS04  •  4  HjO,  and  some  double  salts,  in  all  of  which  cerium  is 
a  quadrivalent  positive  ion. 

When  ceric  hydroxide  is  treated  with  hydrochloric  acid,  chlorine  is 
evolved,  and  cerous  chloride,  Q^jZ\,  is  formed  in  solution.     Upon  evapo- 
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rating  this  solution  to  dryness,  cerous  chloride  is  decomposed  with 
evohition  of  hydrochloric  acid  and  formation  of  an  oxychloride.  By 
adding  ammonium  chloride  to  the  solution,  and  expelling  it  from  the 
dried  mass  heated  in  a  current  of  chlorine,  white  fusible  anhydrous 
cerous  chloride^  Cej^Cle,  may  be  obtained. 

Cerium  is  obtained  by  the  electrolysis  of  cerous  chloride  as  a  steel- 
gray,  lustrous,  malleable  metal,  stable  in  the  air  at  the  ordinary  tempera- 
ture, but  oxidizing  with  incandescence  when  heated. 

Ceric  salts  are  reduced  by  suitable  agents,  like  sulphurous  acid,  HsSOj, 
to  colorless  cerous  salts  in  which  cerium  is  trivalent,  such  as  cerous 
sulphate^  Ces(S04)s,  which  combines  with  different  amounts  of  water, 
and  forms  double  salts,  with  sodium  sulphate  and  potassium  sulphate, 
Ce2(S04)s  •  3  Na^04  •  2  Hj,0,  and  Ce2(S04)8.  3  KjS04  •  2  HjO,  which  are 
characteristically  insoluble  in  concentrated  solutions  of  alkali  sulphates. 

Colorless  cerous  salts  are  oxidized  by  various  reagents  to  yellow^  ceric 
salts,  and  from  solutions  of  cerous  salts  sodium  hydroxide  or  potassium 
hydroxide  precipitates  white  cerous  hydroxide,  which  turns  yellow  slowly 
with  oxidation  and  is  converted  on  ignition  in  air  to  ceric  oxide  or 
cerium  dioxide^  CeOj.  The  effectiveness  of  cerium  dioxide  as  a  con- 
stituent of  the  Welsbach  mantle  in  intensifying  the  light  emitted  may 
depend  upon  the  facility  with  which  it  is  reduced  and  reoxidized,  thereby 
acting  as  a  catalyzer  to  cause  rapid  combustion  and  high  temperature  in 
the  flame. 


Thorium,  Th,  232.5 

Thorium  dioxide,  long  known  as  a  constituent  of  certain  rare  min- 
erals, is  now  found  in  abundance  in  the  monazite  deposit  of  North 
Carolina.  Monazite  may  be  decomposed  by  heating  with  sulphuric 
acid  and  raising  the  resultant  mass  to  low  redness.  When  the  mass  is 
extracted  with  water  and  the  solution  treated  with  oxalic  acid,  oxalates 
are  precipitated  from  which  ammonium  oxalate  forms  soluble  thorium 
ammonium  oxalate.  The  addition  of  hydrochloric  acid  to  the  filtered 
solution  precipitates  thorium  oxalate^  '^iS^^\)%  •  2  HjO,  which  3delds 
thorium  dioxide  on  ignition. 

Thorium  dioxide^  Th02  (thoria),  white  and  powdery,  is  attacked  by 
strong  sulphuric  acid,  forming  thorium  sulphate,  Th(S04)t,  which  i^ 
soluble  in  cold  water  and  crystallizes  in  colorless  brilliant  needles, 
Th(S04)2  •  9  H2O.  From  the  water  solution  of  thorium  sulphate,  ammo- 
nium hydroxide  precipitates  gelatinous  thorium  hydroxide^  Th(OH  )^, 
readily  attacked  by  acids  with  formation  of  salts  in  which  thorium  is  a 
quadrivalent  positive  ion.  A  mixture  of  thorium  dioxide  with  carbon 
yields,  when  ignited  in  a  current  of  chlorine,  sublimed  thorium  chloride* 
ThCl4.  Thorium  hydroxide  is  acted  upon  by  hydrochloric  acid  and 
from  the  solution  crystals  of  thorium  chloride,  ThCl^  •  8  H|0,  may  be 
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obtained.  If  the  solution  contains  also  potassium  chloride,  crystals  of 
potassium  thorium  chloride^  KCl  •  2  ThCl4  •  18  HjO,  separate,  which  may 
be  dehydrated  in  a  current  of  hydrogen  chloride. 

Thorium^  a  gray  metallic  powder,  stable  at  ordinary  temperatures, 
incandescent  when  heated,  attacked  by  chlorine,  bromine,  iodine,  and 
sulphur,  acted  upon  by  concentrated  acids,  is  obtained  by  heating  a 
mixture  of  anhydrous  potassium  thorium  chloride  with  potassium. 

Thorium  dioxide  is  valuable  as  the  chief  constituent  of  the  mantle  of 
the  Welsbach  lamps,  which  may  be  made  by  saturating  cotton  fabric 
with  a  solution  containing  thorium  nitrate  and  one  or  two  per  cent,  of 
cerium  nitrate,  and  burning  away  the  organic  fiber.  The.  light  emitted 
by  the  mantle  of  thorium  oxide  and  cerium  dioxide  is  extremely 
intense. 

The  compounds  of  thorium  are  radio-active,  possessing  the  power  of 
continually  emitting  Becquerel  rnys  and  radio-active  emanations. 


CHAPTER  VIII 

PRIMARY  SERIES— GROUP  V 

Nitrogen,  IX,  14.04 

Phosphorus,  P,  31.0 

Arsenic,  As,  75.0 

Antimony,  Sb,  i2o.a 

Bismuth,  Bi,  308.5 

The  elements  of  the  fifth  group  of  the  primary  series  are, 
with  the  exception  of  phosphorus,  found  native  in  free 
condition,  nitrogen  in  abundance,  as  the  principal  constituent  of  the 
atmosphere^  and  arsenic,  antimony,  and  bismuth  in  lesser  quantities  as 
lustrous  crystalline  minerals.  Phosphorus  is  never  found  native  in  free 
condition.  All  four  elements  occur  in  combination,  nitrogen  and  phos- 
phorus abundantly  in  some  localities  and  other  elements  more  sparingly. 

Nitrogen  is  an  inert,  colorless  gas,  combining  with  oxygen 
and  hydrogen  only  when  the  mixed  gases  are  acted  upon 
by  the  electrical  spark.  In  the  nitrates  and  nitric  acid,  HNOa,  and  in 
the  nitrites,  and  the  unstable  nitrous  acid,  HNOg,  nitrogen  is  a  negative 
ion.  In  the  ammonium  compounds,,  nitrogen  is  combined  with  hydrogen 
in  a  group,  which  in  the  decomposition  of  such  compounds  fonn? 
gaseous  ammonia,  which  will  combine  with  acids  to  form  soluble 
"  ammonium  "  salts.  Ammonia  dissolves  in  water  to  form  a  solution 
capable  of  neutralizing  acids,  like  a  fairly  strong  base.  In  the  ammo- 
nium compounds  nitrogen  is  a  constituent  of  the  negative  ion.  The 
most  important  naturally  occurring  nitrate  is  sodium  nitrate,  NaNO* 
known  as  Chili  saltpeter,  found  in  large  deposits  in  South  America.  In 
certain  volcanic  regions  ammonium  chloride,  NH4CI,  "  sal  ammoniac," 
is  also  found  native.  The  so-called  proteid  substances,  which  are 
present  in  the  tissues  of  plants  and  animals,  also  contain  nitrogen,  and 
when  such  substances  decay  under  certain  conditions  ammonium  com- 
pounds and  nitrates  may  be  formed. 

134 
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_^      ^  Phosphorus  exists  in  three  allotropic  modifications  —  a 

PuOspboms* 

soft  yellow  solid,  a  reddish  brown  soh'd,  and  a  black  crystal- 
line solid.  It  forms  a  stable  oxide  which  combines  with  water  to  form 
a  sirupy  liquid  hydroxide  which  is  phosphoric  acid,  H3PO4.  Phosphoric 
acid  and  the  oxyacids  which  may  be  formed  from  it  neutralize  bases 
with  the  formation  of  phosphates^  and  similarly  phosphorous  acid  neu- 
tralizes bases  to  form  phosphites.  In  the  phosphates  and  phosphites, 
and  their  corresponding  acids,  phosphorus  is  a  constituent  of  the 
negative  ion.  In  the  case  of  a  few  rare  compounds,  analogous  to  the 
ammonium  compounds,  phosphorus  with  hydrogen  forms  a  group  of 
elements  which  shows  a  tendency  to  combine  with  acids  as  does  ammonia. 
The  chief  native  compounds  of  phosphorus  are  the  phosphates^  the  most 
important  being  tricalcium  orthophosphate,  Ca«(P04)2,  which  is  present 
in  "rock  phosphate,"  and  in  animal  bones,  of  which  it  is  the  chief 
constituent. 

Arsenic  Arsenic,  antimony,  and  bismuth  are  lustrous  solids  of  high 

Antiiiiony,  specific  gravity,  and  generally  like  metals  in  appearance. 
Bismuth.  xhey  form  oxides  and  hydroxides,  which  are  generally  acidic 
in  character,  and  more  so  as  the  amount  of  oxygen  combined  in  them 
is  greater,  but  which  develop  basic  characteristics  as  the  atomic  weight 
increases.  Thus  there  are  the  arsenious  acids  and  arsenites,  and  arsenic 
acids  and  arsenates,  in  which  arsenic  is  in  the  negative  ion,  and  sul- 
phides and  chlorides  of  arsenic,  in  which  arsenic  is  positive.  All  five 
elements  of  the  group  form  binary  compounds  with  hydrogen,  chlorine, 
bromine,  iodine,  sulphur,  and  other  elements.  Arsenic  is  found  native 
in  free  arsenic^  mispickei,  FeAsS,  arsenolite,  AsjOa,  rea^ar,  AsS,  and 
orpimenty  As^Sg.  Antimony  is  found  in  stibnite^  SbjSs.  Bismuth  occurs 
in  the  minerals  bismuth  ocher,  Bi^Oa,  and  bismuthinite,  BijSg. 

The  valence  of  the  elements  of  the  fifth  group  of  the  primary  series 
as  indicated  in  the  binary  compounds  is  generally  III  or  V. 

Nitrogen,  N,  14.04 

Xhe  Nitrogen,  a  colorless,  odorless  gas,  occurs  free  everywhere 

Atmosphere,  in  our  world  as  the  principal  constituent  of  atmospheric  air, 
of  which  it  forms  about  three  fourths  by  weight,  the  other  one  fourth 
consisting  of  oxygen,  together  with  small  variable  amounts  of  water,  car- 
bon  dioxide,  ammonia,  and  nitrogen  oxides,  and  small  constant  amounts 
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of  the  inert  gases,  argon,  helium,  neon,  krypton,  and  xenon.  The  specific 
gravity  of  air  is  28.95,  while  that  of  nitrogen  is  28.03.  VV^hen  air  is  cooleti 
to  a  temperature  of  — 140°,  at  the  same  time  being  subjected  to  a  pressure 
of  75  atmospheres,  it  condenses  to  a  colorless  liquid  of  specific  gravity 
0.9951,  which  is  much  richer  in  oxygen  than  is  atmospheric  air,  since  it 
consists  of  liquid  nitrogen  and  liquid  oxygen,  mixed  in  nearly  equal 
"Liquid  proportions.     When  boiled  at  —  190**  under  ordinary  pres- 

^^''  sure,  this  so-called  " liquid  air  "  loses  nitrogen  more  rapidly 

than  oxygen,  until  the  liquid  finally  consists  chiefly  of  oxygen.  When 
nitrogen,  unmixed  with  other  gases,  is  cooled  to  —  146°  and  submitted 
to  a  pressure  of  35  atmospheres,  it  forms  a  colorless  liquid,  of  specific 
gravity  0.885  at  —  194^  and  which  boils  at  —  194°  under  ordinary 
pressure,  and  solidifies  at  —  214**. 

Preparation         Nearly  pure  nitrogen  may  be  collected  in  free  condition 
of  Nitrogen,   best  by  binning  in  a  quantity  of  air  contained  in  a  closed 
space,  an  excess  of  some  readily  oxidizable  sul)stance,  such  as  phos- 
phorus, which  will  combine  with  the  oxygen  of  the  air,  leaving  a  residual 
gaseous  mixture  consisting  principally  of  nitrogen.     For  the  continuous 
production  of  nearly  pure  nitrogen,  a  current  of  air  may  be  passed 
through  a  concentrated  solution  of  potassium  hydroxide,  to  remove 
carbon  dioxide ;  then  through  granulated  calcium  chloride,  or  concen- 
trated sulphuric  acid,  to  remove  the  water ;  and,  finally,  over  copper, 
heated  to  redness,  to  remove  the  oxygen,  when  the  residual  gas  will 
consist  of  99  per  cent,  of  pure  nitrogen,  the  remaining  i   per  cent, 
consisting  of  argon  and  the  other  inert  gases.      For  the  preparation 
of  pure  nitrogen  recourse  must  be  had  to  some  one  of  the  nitrogen 
compounds  which  will   evolve   pure   nitrogen  when   decomposed  by 
suitable  means. 

When  ammonia,  NHg,  is  passed  over  copper  oxide,  copper,  water,  and 
free  nitrogen  are  the  products  ;  when  an  oxide  of  nitrogen  is  passed  over 
hot  copper,  nitrogen  and  copper  oxide  are  formed.  Convenient  methods 
for  getting  free  nitrogen  in  quantity  from  its  compounds  will  be  pointed 
out  after  we  have  become  more  familiar  with  the  characteristic  beha\ior 
of  the  nitrogen  compounds. 

Properties  Nitrogen  is  uninflammable,  will  not  support  the  combustion 

of  Nitrogen,  of  other  substances,  and  is  generally  inert  chemically,  com- 
bining with  a  few  other  substances  only  at  high  temperatures,  such  as 
may  be  obtained  by  the  electric  spark.     When  electrical  discharges  of 
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high  voltage  are  passed  through  mixtures  of  nitrogen  and  oxygen,  gase- 
ous nitrogen  tetroxide^  NO2,  is  formed,  which  will  act  upon  water  to 
produce  nitric  acid,  HNO,,  and  nitrogen  dioxide,  NO.  When  a  similar 
discharge  is  passed  through  a  mixture  of  nitrogen  and  hydrogen,  gaseous 
ammonia,  NHs,  results,  which  dissolves  in  water,  forming  the  solution 
known  as  ammonium  hydroxide,  NH4OH,  which  neutralizes  acids  to 
form  ''  ammonium  "  salts. 

Nitrates  and  Traces  of  ammonium  nitrate,  NH4NO3,  and  of  ammonium 
AmmoDium  nitrite,  NH4NO2,  are  sometimes  present  in  the  air  and  in 
Compoondi.  ^^^^  water.  In  the  solid  crust  of  the  earth,  in  a  few  localities, 
sodium  nitrate,  NaNOs,  occurs  in  vast  deposits;  and  in  soils  rich  in 
nitrogenous  organic  remains  the  nitrates  of  sodium  and  of  other  elements 
are,  under  favorable  conditions,  formed  by  a  peculiar  process  of  fermenta- 
tion. Some  growing  plants,  through  the  agency  of  their  roots,  absorb 
atmospheric  nitrogen  directly  and  assimilate  it  into  their  tissues,  from 
which  nitrates  may  be  subsequently  produced  in  the  soil.  Nitrogenous 
vegetable  or  animal  matter,  when  subjected  to  putrefactive  decomposi- 
tion, yields  ammonia.  In  this  way  ammonia  is  generated  to  form 
ammonium  compounds  in  the  soil.  The  vast  amounts  of  vegetable 
matter  laid  away  in  former  geological  times,  in  the  shape  of  coal  and  oil, 
yield  upon  distillation,  beside  the  gases  used  for  illumination  and  heat- 
ing, a  small  proportion  of  ammonia,  which  is  an  important  commercial 
product. 

Oxidea  and  From  the  native  nitrates^  and  from  ammonium  compounds 

HydroxidtM.  produced  from  natural  sources ,  we  may  best  obtain  the  many 
nitrogen  compounds.  Sodium  nitrate,  NaNOs  (Chili  saltpeter),  the  most 
abundant  natural  nitrate,  fiirnishes  the  cheapest  source  for  the  prepara- 
tion of  nitric  acid.  When  sodium  nitrate  is  acted  upon  by  sulphuric 
acid,  vapors  are  produced  which  may  be  condensed  into  liquid  nitric 
acid,  HNOa,  somewhat  colored  by  nitrogen  tetroxide,  NO,,  produced  by 
the  dissociation  of  some  nitric  acid  during  the  distillation.  By  the 
action  upon  nitric  acid  of  suitably  selected  substances,  many  artificial 
nitrates  may  be  formed.  From  nitric  acid  and  the  nitrates  may  be  pre- 
pared several  oxides  and  hydroxides  of  nitrogen.  The  nitrogen  oxides, 
five  in  number,  form  a  series,  each  member  of  which  is  richer  in  oxygen 
by  a  fixed  amount  than  the  member  standing  next  below  it ;  while  there 
are  three  nitrogen  hydroxides,  corresponding  to  three  of  the  nitrogen 
oxides  respectively. 


138  OUTLINES  OF  INORGANIC  CHEMISTRY 

Thus  we  have : 

OXIDSS  HVDKOXIDBS 

Nitrogen  pentoxide,  N2O5  Nitric  acid,  HNOj 

Nitrogen  tetroxide,  N2O4  and  NOj  

Nitrogen  trioxide,  NgOs  Nitrous  acid,  HNOj 

Nitrogen  dioxide,  NO  

Nitrogen  monoxide,  N2O  Hyponitrous  acid,  HjNfOs 

We  shall  find  that  nitric  acid,  HNOj,  may  be  formed  from  nitrogen 
pentoxide,  N2O5,  and  corresponds  to  it  in  composition ;  nitrous  acid, 
HNO2,  similarly  corresponds  to  and  may  be  formed  from  nitrogen  tri- 
oxide, NjOs.  Nitrogen  pentoxide  and  nitrogen  trioxide  are  therefore 
anhydrides  of  nitric  acid  and  nitrous  acid  respectively.  We  shall  also  find 
that  certain  salts  exist  which  correspond  in  composition  to  nitric  acids  of 
the  composition  H3NO4  and  H5NO5,  and  to  a  polymerized  nitric  acid, 
(HNOg)^.  Hyponitrous  acid,  H2N2O2,  although  not  actually  formed  from 
nitrogen  monoxide,  N2O,  corresponds  to  that  oxide  in  composition. 

Nitrogen  P^^'  purposes  of  study  we  may  conveniently  prepare  the 

Ox/deM.  nitrogen  oxides  by  decomposing  nitric  acid  or  nitratts^  bj 

heating  or  by  the  action  of  suitable  reagents. 

Nitrogen  Nitrogen  pentoxide^  N2O5,  may  be  made  by  mixing  cold 

Pentoxide.  concentrated  nitric  acid,  HNGj,  and  phosphorus  pen- 
toxide, P2O5,  keeping  the  mixture  cold  during  the  reaction,  and  then 
distilling  the  nitrogen  pentoxide  by  gentle  heating. 

2  HNO3  +  P2O5  =  2  HPOj  +  NjO, 

It  is  a  colorless,  crystalline  solid,  melting  at  30°,  boiling  at  47**,  readily 
decomposing  into  oxygen  and  nitrogen  tetroxide,  NOj. 

2  N2O5  =  2  N2O4  +  Oj 

It  combines  with  water  to  form  nitric  acid^  HNOj,  with  great  eyolotion 

Nitrogen  Nitrogen  tetroxide,  N2O4  or  NOj,  is  usually  prepared  bf 

Tetroxide.  heating  perfectly  dry  lead  nitrate,  Pb(NOs)j,  best  mixed 
with  an  equal  quantity  of  sand  to  prevent  fusion  of  the  mixture. 
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2  PbCNOa),  =  2  PbO  +  O2  +  4  NO, 

The  heavy  red  gas  evolved  may  be  collected  and  condensed  in  a  U-tube 
cooled  by  a  freezing  mixture  of  ice  and  salt. 

Below  o®  nitrogen  tetroxide  is  a  colorless  liquid  of  specific  gravity 
1.49.  At  —20**  it  is  a  colorless  crystalline  solid,  melting  at  —12**. 
Above  o**  the  liquid  assumes  a  yellow  color,  which  deepens  with  rising 
temperature.  At  26°  the  liquid  boils,  forming  a  yellowish  brown  gas,  of 
specific  gravity  76,  which  darkens  in  color,  and  assumes  a  lesser  specific 
gravity  with  increase  in  temperature,  until  at  150°  the  gas  has  the  specific 
gravity  46  and  is  dark  red.  The  change  in  color  §ind  in  specific  gravity 
is  due  to  the  dissociation  of  the  molecules  of  nitrogen  tetroxide,  which 
at  150**  have  a  composition  corresponding  to  the  symbol  NO2,  while  at 
lower  temperatures  molecules  of  the  form  N2O4  appear  to  exist,  although 
even  at  the  boiling  point  of  the  liquid,  26°,  about  one  third  of  the 
molecules  have  the  simpler  symbol,  NO,. 

Nitrogen  tetroxide  will  support  the  combustion  of  many  substances. 
It  will  combine  with  water  to  form  either  nitrous  acid,  HNO2,  and  nitric 
acid,  HNOg,  or  nitric  acid,  HNO3,  and  nitrogen  dioxide,  NO,  according 
to  conditions  of  dilution  and  temperature. 

2  N^  +  H-O-H  =  H-0-N=0  +  H-O-N^ 

3N^  +  H-O-H  =  2H-0-N^  +  N=0 

Nitrogen  Nitrogen  trioxide,  N20g,  may  be  conveniently  prepared  by 

Triozide.  acting  with  a  50  per  cent,  solution  of  nitric  acid,  HNOs, 
upon  arsenic  trioxide,  AsjOa,  warming  the  mixture,  and  passing  the 
reddish-colored  fumes  that  are  evolved  into  a  U-tube,  cooled  to  —21° 
by  a  freezing  mixure  of  ice  and  salt. 

2  HNOs  +  AS2O3  =  AS2O5  +  H2O  +  NjOs 

More  or  less  nitrogen  tetroxide,  N2O4,  is  formed  with  the  nitrogen  triox- 
ide, according  to  the  conditions  of  temperature  and  the  concentration 
of  the  nitric  acid  employed.  Nitrogen  trioxide  forms  a  dark  blue  liquid 
of  specific  gravity  1.449  **  o**»  boiling  at  3.5®,  and  forming  dark  blue 
crystals  at  —103°.  Above  —21**  it  begins  to  decompose  into  a  mixture 
of  nitrogen  dioxide,  NO,  and  nitrogen  tetroxide,  N2O4,  which  readily 
recombine  when  cooled,  forming  again  the  nitrogen  trioxide. 

2  N2O3  =  N2O4  -}.  2  NO 
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Nitrogen  trioxide  mixed  with  water  in  small  quantities  probably  forms 
nitrous  acid,  HNOj. 

N=0 

No  +  H-O-H  =  2  H-0-N=0 

N=0 

When  wanned  with  water,  it  tends  to  produce  nitric  acid^  HNOj,  and 
nitrogen  dioxide,  NO. 

N=0 

3    No  +  H-O-H  =  2  H-O-N^  +  4  N=0 

N=0 

The  reaction  may  consist  first  in  the  formation  of  nitrogen  tetroxide, 
NOs,  and  nitrogen  dioxide,  NO,  and  the  subsequent  combination  of  ni- 
trogen tetroxide  with  water. 

Nitrogen  Nitrogen  dioxide,  NO  (nitric  oxide),  is  usually  prepared 

Dioxide.  \y^  acting  upon  copper  with  dilute  nitric  acid. 

3  Cu  +  8  HNO3  =  3  Cu(N03)j  +  4  H.O  4-  2  NO 

Practically  it  may  be  prepared  most  conveniently  by  gradually  adding 
concentrated  sulphuric  acid  to  a  mixture  of  a  saturated  solution  of 
sodium  nitrate,  NaNOg,  and  copper  turnings. 

8  NaNOa  +  4  H2SO4  +  3  Cu  =  4  NajSO,  +  3  Cu(N03)2  4-  4  HjO  +  2  NO 

The  gas  which  is  evolved  in  the  cold  is  at  first  mixed  with  brown'  ni- 
trogen trioxide,  formed  by  the  combination  of  the  nitrogen  dioxide  with 
the  oxygen  of  the  air  contained  in  the  flask.  After  the  first  colored  gases 
disappear,  nearly  pure  nitrogen  dioxide  is  evolved  and  may  be  collected 
over  water.  Nitrogen  dioxide  is  a  colorless  gas,  of  specific  gravity  30.06, 
only  slightly  soluble  in  water.  At  —93°  and  under  a  pressure  of  71 
atmospheres,  it  condenses  to  a  colorless  liquid  which  boils  at  ~  153-6", 
and  at  — 167**  forms  a  white  solid.  Nitrogen  dioxide  supports  the  com- 
bustion of  some  substances  which  in  burning  evolve  sufficient  heat  to 
cause  the  liberation  of  oxygen  from  the  nitrogen  dioxide.  Thus,  sulphur 
does  not  ordinarily  bum  in  the  gas,  while  charcoal  and  phosphorus  bnm 
in  it  if  strongly  kindled. 

Nitrogen  Nitrogen  monoxide,  NgO  (nitrous  oxide,  "laughing  gas*'^. 

Monoxide.  ^  may  be  prepared  by  heati  ngammoniumnitrate,  N  H4NOJ, 
which  breaks  down  at  1 70^  into  water  and  nitrogen  monoxide. 
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H 
H 
H 
H 


\  ! 

\n  -O-Nl^g  =  2  H-O-H  +  N>0 


7 


The  gas,  which  is  evolved  rapidly,  may  be  collected  over  warm  water. 
The  production  of  nitrogen  monoxide  takes  place  more  quietly  if,  instead 
of  ammonium*  nitrate,  a  mixture  of  sodium  nitrate,  NaNOa,  and 
ammonium  sulphate,  (N  1^4)2804,  be  used. 

2  NaNOs  +  (NH4)2S04  =  Na2S04  +  4  H^O  +  2  NjO 

Nitrogen  monoxide  is  a  colorless  gas,  of  specific  gravity  44.08,  having 
a  slight  odor,  soluble  in  water.  At  38.8®  and  under  a  pressure  of  775 
atmospheres  it  becomes  a  colorless  liquid,  of  specific  gravity  0.937, 
boiling  at  —89.8®  under  ordinary  pressure.  When  the  Hquid  nitrogen 
monoxide  is  rapidly  evaporated,  a  crystalline  solid  is  formed,  which 
melts  at  —102.3®.  ^^  supports  the  combustion  of  many  substances. 
A  mixture  of  equal  volumes  of  nitrogen  monoxide  and  hydrogen  ex- 
plodes when  ignited,  forming  nitrogen  and  water.  It  is  used  as  an 
anaesthetic. 

Though  nitrogen  monoxide  is  soluble  in  cold  water,  its  solution  does 
not  appear  to  possess  acidic  properties,  and  yet,  as  we  shall  see,  by  other 
means  the  acid,  hyponitrous  acid,  H2N2O2,  of  which  nitrogen  monoxide 
might  naturally  be  supposed  to  be  the  anhydride,  may  be  produced. 
This  acid,  moreover,  may  be  decomposed  to  form  nitrogen  monoxide 
and  water ;  but  the  reverse  action,  the  formation  of  hyponitrous  acid  by 
union  of  nitrogen  monoxide  and  water,  does  not  take  place. 

In  our  study  of  the  nitrogen  hydroxides^  which  correspond 

Hltt\c  Acid* 

to  certain  of  the  nitrogen  oxides,  we  begin  with  nitric  acid, 
the  anhydride  of  nitrogen  pentoxide,  from  which  it  may  be  made  by  the 
action  of  water. 

When  we  act  upon  sodium  nitrate,  NaNOg,  with  a  suitable  amount 
of  concentrated  sulphuric  acid,  gently  heating  the  mixture  in  a  retort, 
vapors  of  nitric  acid,  HNO3,  are  produced,  which  may  be  condensed  in 
a  vessel  cooled  by  water  to  a  nearly  colorless  liquid. 

If  the  temperature  be  sufficiently  high,  the  sodium  hydrogen  sulphate 
formed  in  the  first  stage  of  the  reaction  may  be  made  to  act  upon  more 
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sodium  nitrate  to  increase  the  product  of  nitric  acid,  although  ia  ibk 
case  some  of  the  nitric  acid  is  likely  to  be  decomposed  at  the  highc: 
temperature. 

For  the  manufacture  of  nitric  acid  on  a  large  scale  the  sodium  niin;    . 
and  sulphuric  acid  :irc  mixed  in  an  iron  retort  heated  by  a  flame  fm  i  { 
below,  and  the  vapors  are  condensed  in  a  series  of  earthenware  recei^t^ 
Upon  mixing  the  resulting  impure  nitric  acid  with  sulphuric  acid  i~.. 
redistilling,  nearly  pure  nitric  acid  is  obtained. 

Ordinary  pure  nitric  acid  is  a  colorless,  strong- smelling  liquid,  fum- 
ing strongly  in  air,  of  sj>eci(ic  gravity  1.56,  boiling  at  86°  with  partii  1 
decomposition,  sii':  | 
forming  at  -  4: 
a  crystalline  solii 
When  a  dilute  «Jif: 
solution  of  niiTi.- 
acid  is  distilled,  il'^ 
distillate,  conaistii: 
at  first  of  pure  wiifi. 
IS  an  incrti- 


mg  proportwa  0; 
nitric  acid,  until  ii 
121°  under  atnif- 

pheric  pressure  a  mixture  distils  of  constant  composition  contain:ii; 
68  per  cent,  of  nitric  acid  and  corresponding  to  thai  of  a  mixi;;:* 
of  a  trihydroxyl  nitric  acid,  H,NO„  and  a  pcn/ahvdroxxi  nitric  ii-"''- 
HjNOj.  This  mixture,  which  is  the  ordinary  concentrated  nitric  »ii! 
of  commerce,  has  a  specific  gravity  of  1.4  at  15°.  It  may  be  concH- 
traied  to  a  strength  of  98.9  per  cent,  by  mixing  with  a  considerafc 
proportion  of  sulphuric  acid,  redistilling  at  the  ordinary  atmospher,: 
pressure,  and  blowing  out  the  fumes  of  nitrogen  tetroxidc  by  means « 
dry  air. 

Nitric  acid  is  very  corrosive,  staining  the  skin  and  other  oijaiuc 
matter  a  bright  yellow.  Because  of  the  large  proportion  of  oi)?f= 
which  it  holds  it  is  an  effective  o.xidizer.  It  acts  chemically  upon  nw-'-' 
all  metals  except  gold  and  platinum,  and  upon  many  other  eleraenisi*- 
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compounds.  It  is  largely  used  in  metallurgical  operations,  and  in  mak- 
ing dyestuffs,  guncotton,  nitroglycerine,  and  other  nitro-explosives. 

_    .  A  mixture  of  i  volume  of  nitric  acid  with  4  volumes  of 

hydrochloric  acid,  known  since  ancient  times  as  aqua  regia, 
is  largely  employed  as  a  means  for  acting  upon  gold  and  platinum  and 
other  metals.  The  high  oxidizing  power  and  corrosive  action  of  this 
mixture  is  due  largely  to  the  presence  of  chlorine,  and  of  a  compound 
of  chlorine  with  nitrogen  dioxide  known  as  nitrosyl  chloride,  NOCl,  and 
possibly  of  a  compound  of  nitrogen  tetroxide  with  chlorine,  known  as 
nitroxy I  chloride,  NOjCl. 

H-O-N^^  +  3  H-Cl  =  Cl-Cl  -f  2  H-O-H  +  C1-N=0 

H-O-N^  +  H-Cl  =  H-O-H  +  Cl-N^^ 

Nitric  acid  may  be  neutralized  by  bases,  with  formation 
of  water,  and  nitrates  of  positive  elements  tn  which  nitrogen 
is  a  constituent  of  the  negative  ion.     Thus,  when  sodium  hydroxide 
and  nitric  acid  interact,  sodium  nitrate,  NaNOs,  is  formed. 

iVb-O-H  +  ^-O-NOa  =  Wb-O-NOa  -f  H-O-H 

We  have  already  studied  sodium  nitrate  and  potassium  nitrate.  Many 
other  nitrates  may  be  formed  in  a  similar  way. 

Nitrates  may  also  be  formed  by  the  action  of  many  oxides  of  positive 
elements  upon  nitric  acid,  with  formation  of  water.  Thus,  calcium 
oxide,  CaO,  acts  upon  nitric  acid  to  form  calcium  nitrate,  Ca(N0)8; 
and  other  nitrates  may  be  formed  similarly. 

Ca=0  +  2  jy-'O-NOi  =  ^^<^o-NO*  +  ^-O-H 

Nitric  Acid  Nitrates  may  be  formed  by  the  action  of  many  positive 
and  elements  upon    nitric  acid,  with    replacement  of  hydrogen, 

etals.  which  generally  acts  upon  the  excess  of  nitric  acid  to  form 

water  and  one  or  more  products  containing  nitrogen. 

Nitric  acid,  like  all  other  acids,  contains  replaceable  hydrogen,  and 
interacts  with  metals  with  the  replacement  of  the  hydrogen  to  form 
salts  of  the  metal.  But  in  the  case  of  nitric  acid  the  replaced  hydrogen, 
instead  of  being  set  free,  acts  upon  the  excess  of  nitric  acid  with 
formation  of  water  and  a  product  of  the  reduction  of  nitric  acid,  the 
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composition  of  which  depends  upon  the  concentration  of  the  nitric 
acid  employed  and  the  temperature  at  which  the  reaction  takes  place. 
Thus  zinc,  which  acts  readily  upon  dilute  sulphuric  acid,  hydrochlonc 
acid,  or  acetic  acid,  with  evolution  of  hydrogen,  does  not  evolve  hydro- 
gen from  nitric  acid. 

When  we  act  upon  concentrated  nitric  acid  with  zinc,  there  is 
a  violent  reaction,  the  zinc  disappears,  and  zinc  nifrattj  Zn(NO/)M  :? 
formed  in  solution,  while  dense  clouds  of  reddish  colored  gas  arc 
evolved,  which  consist  largely  of  nitrogen  tetroxide,  N2O4,  and  nitrogen 
trioxide,  N2O3. 

4  HNO3  +  Zn  =  Zn(N0s)8  +  2  HjO  +  2  NO, 

6  HNO3  4-  2  Zn  =  2  ZnCNOg),  +  3  H,0  +  NA 

By  the  action  of  zinc  upon  fairly  dilute  solutions  of  nitric  acid  mLv 
tures  of  the  lower  oxides,  nitrogen  dioxide,  NO,  and  nitrogen  monoxide. 
NjO,  and  free  nitrogen,  are  formed. 

8  HNO3  -h  3  Zn  =  3  ZnCNOg),  +  4  H,0  +  2  NO 
10  HNO3  +  4  Zn  =  4  Zn(N03)j  +  5  H^G  +  N,0 
12  HNO3  +  5  Zn  =  5  Zn(N0s)2  -f  6  H,0  +  N, 

When  the  solutions  upon  which  the  zinc  acts  contain  less  than  10  per 
cent,  of  nitric  acid,  no  nitrogen  oxides  or  free  nitrogen  are  prodocc'l. 
but  hydroxylamine^  NHjOH,  and  ammonia^  NH3,  products  in  whuh 
the  replaced  hydrogen  is  combined  with  the  nitrogen  of  some  niuic 
acid,  may  result. 

7  HNO3  +  3  Zn  =  3  Zn(N03),  +  2  H^G  +  H^NOH 

9  HNG3  +  4  Zn  =  4  ZnCNGa),  +  3  HjG  +  NHj 

Many  other  metals,  such  as  magnesium,  copper,  silver,  and  tin,  may 
act  upon  nitric  acid  with  formation  of  nitrates,  water,  and  products  of 
the  reduction  of  nitric  acid. 

Properties  The  nitrates  formed  by  action  of  nitric  acid  upon  bask 

of  Nitrates,  oxides  or  hydroxides,  or  upon  metak,  are  soluble  in  water. 
They  are  produced  naturally  by  the  slow  oxidation  under  the  influence 
of  a  vegetable  organism,  or  nitrifying  ferment^  of  nitrogenous  matter 
in  the  soil,  and  this  process  has  been  applied  artificially  in  the  "  niter 
plantations."  The  most  important  natural  nitrate  is  sodium  nitntc 
NaNOs,  used  as  a  source  of  potassium  nitrate  and  as  a  fertilizer. 
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Baiic  Certain  basic  nitrates  of  some  of  the  less  positive  metals 

Nitrates  and  ^re  known,  which,  ordinarily  represented  as  oxysalts  of  mono- 
Hitz^tet.        liyciroxyl  nitric  acid, 


H-0-N<g 


may  also  be  regarded  as  salts  of  trihydroxyl  nitric  acidy 

H-0\ 

H-0~N=0 

H-O/ 

or  of  pentahydroxyl  nitric  acid^ 

H-0\ 

H-O-N 
H-O/V 
H-O/ 

Such  are  the  basic  lead  nitrate,  H2Pb206(NO)2,  the  basic  mercurous 
nitrate,  H2Hg20«(NO)2,  and  the  basic  lead  nitrate,  H4Pb30ioN2. 

On  the  other  hand,  acidic  nitrates  such  as  NH4NOS  •  HNO3, 
RbNOj .  HNOs,  CSNO3 .  HNOs,  and  KNO3  •  2  HNGs,  NH4NO8  •  2  HNO3, 
as  well  as  double  nitrates,  such  as  KNO3  •  AgNOg,  NH^NOa-  AgNOg,  and 
others  more  complex,  may  be  regarded  as  derivatives  of  polymerized 
nitric  acids,  (HNOs)^,  such  as 

/^\ 

and 

H 

I 
O 

1 

O  /   \   O 

//   \\ 


H-O-N 


N-O-H 


Becompoei- 
tion  of 
Nitrates. 


Both  nitric  acid  and  the  nitrates  may  he  decomposed  by 
heating.  When  the  ordinary  concentrated  nitric  acid,  con- 
taining a  small  proportion  of  water,  is  distilled,  some  of  it  is 
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decomposed  with  the  formation  of  nitrogen  tetroxide,  which  gives  to  the 
acid  a  characteristic  yellow  color.  A  similar  decomposition  takes  pbce 
when  ordinary  nitric  acid  is  allowed  to  stand  in  sunlight.  When  we 
heat  nitric  acid  in  a  sealed  tube  to  260^  it  breaks  up  completely 
into  water,  oxygen,  and  nitrogen  tetroxide,  NOj. 

H-O-.NO, 


• 
• 


H-y  o- 
h\o- 

\ 

V 


=  2H-O-H  +  0=0  +  4NCn 
NO,  ^^ 


NOj 

Many  nitrates  behave  similarly,  but  the  products  formed  in  the  de 
composition  depend  upon  the  nature  of  the  positive  ion  of  the  nitrate. 
When  lead  nitrate,  Pb(N08)s,  is  heated,  oxygen  and  nitrogen  te- 
troxide, NO2,  may  be  evolved,  lead  oxide,  PbO,  which  is  not  readily 
broken  up  by  heat,  being  left  behind. 

Calcium  nitrate,  Ca(N0s)2,  cupric  nitrate,  Cu(N08)s,  and  the  nitrates 
of  certain  other  elements  forming  stable  oxides,  decompose  similarly 
when  heated. 

When  silver  nitrate,  AgNOs,  is  heated,  nitrogen  tetroxide,  N0^ 
and  oxygen  are  evolved,  and  silver  remains  as  a  residue.  Silver  oxide, 
AgO,  being  readily  decomposed  by  heating,  cannot  be  left  behind. 

Mercuric  nitrate,  Hg(N03)2,  when  heated  not  too  strongly,  leaves  mer- 
curic oxide,  HgO,  but  at  a  higher  temperature  the  oxide  is  decomposed 
into  mercury  and  oxygen. 

Reduction  of  "^^^  nitrates  of  the  alkali  elements  when  heated  eiobt 
Nitrates.  oxygen,  and  form  nitrites  in  which  nitrogen  is  in  the  mo- 
tive ion.  Thus,  when  sodium  nitrate,  NaNO.,,  is  strongly  heatei 
oxygen  is  evolved,  leaving  a  residue  of  sodium  nitrite^  NaNOj. 

Na-0-N/;g 

^.Si  =  2Na-0-N=0  +  0=0 
Na-O-N^g 
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Potassium  nitrate,  KNOg,  may  be  similarly  decomposed  with  the 
formation  oi  potassium  nitrite^  KNO2. 

y/0 


K-0-N<§ 


;^  =  2K-0-N=0  +  0=0 


Both  sodium  nitrate  and  potassium  nitrate  are  good  oxidizers,  but 
potassium  nitrate,  since  it  is  less  hygroscopic  than  the  naturally  occurring 
sodium  nitrate,  is  better  adapted  for  such  purposes.  If  we  throw  a  piece 
of  charcoal  upon  some  molten  potassium  nitrate,  the  charcoal  is 
ignited  and  burns  fiercely. 

4KNO8  +  5  C  =  2  K2CO3  4-  3  CO;  +  2  N2 

The   oxidizing   power  of  potassium  nitrate  makes  it  a 
Giinpow^dcT* 

valuable  constituent  oi  gunpowder.  The  standard  black  gun- 
powder of  the  United  States  Army  is  composed  of  75  per  cent,  potas- 
sium nitrate,  15  per  cent,  charcoal,  10  per  cent,  sulphur.  When  this 
powder  is  burned  in  an  open  space,  it  decomposes  chiefly  into  potas- 
sium sulphide,  carbon  dioxide,  and  nitrogen. 

2  KNOs  +  3  C  +  S  =  KjS  -h  3  CO2  +  N2 

When  gunpowder  is  exploded  under  pressure  in  a  confined  space,  a  large 
number  of  gaseous  products  are  formed,  and  the  sudden  expansion  of 
these  may  give  a  pressure  equal  to  many  tons  per  square  inch  of  surface. 
futnuaAcM  Nitrous  add,  HNO2,  the  lower  hydroxide  of  nitrogen,  cor- 
<uid Mitritea.  responding  to  nitrogen  trioxide,  N2O3,  from  which  it  may  be 
made  by  the  action  of  water,  is  known  only  in  unstable  condition  in 
solution,  and  is  easily  broken  down  to  form  nitric  acid,  nitrogen  dioxide, 

NO,  and  water. 

3  HNO,  =  HNOg  -f  2  NO  -f  H2O 

Certain  nitrites  are  stable,  well  characterized ^  and  soluble  in  water. 
We  have  already  seen  that  sodium  nitrite,  NaNOj.,  may  be  made  by 
heating  sodium  nitrate.  Sodium  nitrite  may  be  prepared  more  readily 
by  heating  sodium  nitrate  with  some  reducing  agent  such  as  lead, 
which  will  become  oxidized  at  the  expense  of  the  nitrate. 

Na-O-N/^  +  Pb  =  Pb=0  +  Na-0-N=0 
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Potassium  nitrite^  KNO^,  may  be  similarly  made  by  heating  potassinm 
nitrate,  alone  or  with  a  reducing  agent.  The  nitrites  of  the  alkali 
elements  are  generally  white  crystalline  solids.  Sodium  nitrite  is  largely 
employed  in  making  certain  dyestuffs  containing  nitrogen. 

The  nitrites  are  readily  decomposed  by  acids ^  with  formation  of  nitrogen 
trioxide.  When  sodium  nitrite,  NaNO^,  is  acted  upon  by  sulphuric 
acid,  dense  reddish  fumes  arise  which  consist  principally  of  nitrogeD 
trioxide,  N203y  sodium  sulphate  remaining  in  the  solution. 

.7.«-0-N  =  0+JflgX8=''>+i^:iS><8+H-0-H 

N=0 

Hyponitrous  Hyponifrous  acid,  H^NjO,,  the  lowest  hydroxide  of  nitro- 
Acid  and  gen,  corresponding  to  nitrogen  monoxide,  NjO,  and  its  salts 
Hyponitrites.  the  hyponitrites^  may  be  made  by  reducing  nitrates  and  nitrites 
by  suitable  means. 

When  sodium  nitrate  is  submitted  to  the  action  of  Dascem 
hydrogen,  produced  by  electrolysis  or  by  the  action  of  sodium 
amalgam  upon  water,  a  residue  of  sodium  hyponitrite,  NagNjOx,  is 
formed. 


Na~0-N^ 
Na-O-N/ 


^  Na-O-N 

b:  +  4  H~H  =  11+4  H-O-H 

^  Na-O-N 


Sodium  nitrite  may  be  similarly  reduced  by  hydrogen. 

XT«      r\     XT       r\  Na— O  — N 

Na— O  — N  =  |0    ,       TT     TT  II     I       TT     i-k     TT 

Na-0-N  =  iO  +  -H-H  =  ^^_^J^  +  «  H-O-H 

By  acting  upon  sodium  hyponitrite,  Na^NoOs,  with   silver 
nitrate,  AgNOg,  silver  hyponitrite,  ^^^j^^^  may  be  formed  as  a  yelloir 

powder.         ^^^j^^  ^  ^  AgNOj  =  AgjNA  -f  2  NaNO, 

The  silver  hyponitrite,  Ag2N202,  may  be  acted  upon  by  hydrogen 
ch  lor  id  e  in  solution  in  ether  with  formation  of  hyponitrous  acid ^  HjNjO» 
as  crystals,  soluble  in  water. 

AggN^Oji  +  2  HCl  =  H2N  A  +  2  AgCl 

Hyponitrous  acid  will  neutralize  sodium  hydroxide,  with  forma- 
tion of  sodium  hydrogen  hyponitrite,  NaHNjOj, 

i^-O-N       iVi/-0-N 
iVa-O-H  +  II   =  II   +  H-O-H 

H-O-N         H-O-N       ' 
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or  sodium  hyponitrite^  Na2H202. 

^a-O-H       B-O-N       iV^-O-N 

+  II  =  II  +  2H-O-H 

JVa-O-U       //_0-N       Wb-O-N 

Both  hyponitrousacid,  H^NgOs,  and  the  hyponitrites,  such  as  the 
sodium  hydrogen  hyponitrite,  NaHN202,  are  very  unstable,  decom- 
posing spontaneously,  with  formation  of  nitrogen  monoxide,  N^O,  as  one 
of  the  products. 

H-O-'N  Nv 

/     II   =    H-0-H+  II  X) 
H-/0-N  N 

H-0-/N  Nv 

/    II   =  Na-O-H  +  ll>0 
Na-/0-N  N 

.         . ,        Ammonium  chloride,  the  most  common  ammonium  com- 

Ammonia  and!  ' 

Ammonium        foundj  may  be  used  as  a  source  of  ammonia  gas,  and  of 
y  rox  e,        ^^  solution  of  ammonia  in  water,  known  as  ammonium 
hydroxide. 

When  an  ammonium  compound  is  heated  with  a  strong  base,  ammonia 
is  set  free.  When  we  heat  a  mixture  of  equal  weights  of  ammonium 
chloride,  NH4CI,  and  calcium  hydroxide,  Ca(OH)2,  we  get  a  rapid 
evolution  of  ammonia,  NHg,  which  may  be  collected  by  the  downward 
displacement  of  air  in  a  flask  inverted  over  the  deUvery  tube. 

^\  /H 

2  H/'N-Cl  -f  Ca<(o-H  =  ^^"Cci  ^  ^  H-O-H  +  2  N-H 

h/   •  "^^ 

Ammonia  is  a  colorless  gas  with  a  characteristic  suffocating  odor. 
At  — 40®  under  ordinary  pressiue  it  forms  a  colorless  mobile  liquid  of 
specific  gravity  0.623  at  0°.  At  —  85°  it  is  a  solid.  Liquid  ammonia 
produces  a  low  temperature  upon  evaporation,  and  hence  is  used  in 
commerce  for  making  artificial  ice.  Ammonia  is  combustible  with 
difficulty,  and  does  not  support  the  combustion  of  ordinary  combustibles. 
Since  early  times  ammonia  has  been  made  by  distilling  bones  and  other 
animal  refuse. 

When  we  confine  ammonia  over  water,  the  ammonia  is  absorbed  by 
the  water  with  surprising  rapidity.     One  volume  of  water  will  at  ordinary 
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tempetature  hold  about  700  volumes  of  ammonia.  The  saturated  solu- 
tion of  ammonia,  known  as  "ammonia  water,"  at  15**  contains  34.95  per 
cent,  of  the  gas,  and  has  a  specific  gravity  of  0.882.  It  neutralizes  acids, 
acting  like  a  base  in  which  the  nitrogen  and  four  fifths  of  the  hydrogen 
constitute  a  positive  ion.  It  is  called  ammonium  hydroxide ^  and  is 
represented  by  the  symbol 

^\ 

j^iV^-O-H 

Ammonium  From  ammonia  or  ammonium  hydroxide  we  may  readih 

Salts.  make  the  ammonium  salts y  in  which  the  ammonium  group  is 

the  positive  ion.  When  we  allow  gaseous  ammonia,  NH^,  to  come  in 
contact  with  gaseous  hydrogen  chloride,  a  heavy  white  cloud  of 
finely  divided  ammonium  chloride ^  NH4CI,  is  formed. 


H\  S\ 

H-N  +  H-Cl  =  „>N-C1 


We  may  also  get  ammonium  chloride  by  neutralizing  a  solution  of 
hydrochloric  acid  with  ammonium  hydroxide,  NH4OH,  and 
recovering  the  salt  by  evaporation. 


H 


h/ 


0-H  +  ^- 


H 


\ 


CI  =  ^iV-Cl  +  H-O-H 

h/ 


When  ammonia  gas  comes  in  contact  with  vapor  of  nitric  acid,  a 
white  cloud  of  ammonium  nitrate,  NH4NO3,  is  formed;  and  the  same 
salt  may  be  made  by  neutralizing  a  solution  of  nitric  acid  with 
ammonium  hydroxide. 

NHa  +  /TNOa  =  NH^O^ 

So  also,  sulphuric  acid  will  form  ammonium  sulphate,  (NH4)jS04,  wiA 
ammonium  hydroxide. 

2  NHJdn  +  ^sS04  =  iNJI^)SO^  +  2  HsO 
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With  proper  proportions  of  reacting  substances  ammonium  hydrogen 
sulphate y  NH4HSO4,  may  be  formed. 

Carbonic  acid,  HjCOj,  gives  with  ammonium  hydroxide,  NH4OH, 
either  ammonium  carbonate,  (NH4)jC03,  or  ammonium  hydrogen  car- 
bonate,  (NH4)HC03,  according  to  the  proportions  of  the  reacting 
substances. 

2NH,0li  +  Bj^O^  =  (^^74)2003  +  2H8O 

The  ammonium  salts  are  white  solids,  soluble  in  7vater,  and  easily 
volatilized  by  heating. 
^  ^    _  Ammonium  chloride,  NH4CI,  a  white  solid,  occurs  in  some 

Jx^Jy — CI 

volcanic  regions  as  an  incrustation  on  the  earth's  surface. 
It  is  fairly  soluble  in  water  and  from  its  solution  it  may  be  recovered  in 
cubes  or  octahedra.  When  heated,  it  turns  directly  into  a  vapor  with- 
out melting.  At  280**  it  begins  to  dissociate  into  ammonia,  NHg,  and 
hydrogen  chloride,  HCl,  and  this  dissociation  is  complete  at  350°.  If 
the  mixed  gases  are  cooled,  ammonium  chloride  is  formed  again.  A 
similar  dissociation  takes  place  when  an  ammonium  chloride  solution  is 

^'^^'^'  NH4CI  =  NH3  -h  HCl 

Ammonium  chloride  is  manufactured  largely  from  the  "gas  liquor," 
firmed  as  a  by-product  in  the  manufacture  of  illuminating  gas,  and  is 
used  in  dyeing,  soldering,  galvanizing  iron,  and  in  charging  certain 
kinds  of  electrical  batteries.  It  was  formerly  obtained  from  organic 
refuse,  and  was  called  sal  ammoniac. 

u^N-^^\^  Ammonium  carbonate,  (NH4)2C03,  is  a  soluble  white 

M^N—o/^"  solid,  which  readily  loses  ammonia  at  ordinary  tempera- 
ture, forming  ammonium  hydrogen  carbonate,  (NH4)HC08. 

(NH4)2C03   =    NH4HCO3   -f    NH3 

The  acidic  carbonate  at  58**  is  completely  decomposed  into  ammonia, 
carbon  dioxide,  and  water. 

NH4HCO3  =  H2O  -f-  CO2  +  NH3 

The  commercial  ammonium  carbonate,  made  by  fusing  ammonium 
chloride  or  ammonium  sulphate  with  calcium  carlx)nate,  consists  of  a 
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mixture  of  ammonium  hydrogen  carbonate,  (NH4)HC0a,  and  a  peculiar 
dehydration  product  of  the  normal  ammonium  carbonate,  known  as 
ammonium  carbamate, 

\ 

►N-O. 


S>^ 


which,  however,  on  exposure  to  moist  air,  takes  up  water  and  becomes 
normal  ammonium  carbonate,  (NH4)2C08. 

>;?^0       Ammonium   nitrate,   NH^NOa,  is  a  white  crystalline, 
>^0  very  deliquescent  salt,  melting  easily,  and  readily  decora- 
posed  by  heating. 

H^N—o\^^  Ammonium  sulphate  (NH4)2S04,  a  white  soluble  salt,  is 
H^N—QX%0  made  in  large  quantities  from  the  ammonia  produced  in 
the  manufacture  of  coal  gas.  It  is  used  as  a  fertilizer. 
"Ammonium  When  sodium  amalgam,  an  alloy  of  mercury  and  so- 
Amalgam."  dium,  is  put  into  a  cold  saturated  solution  of  ammonium 
chloride,  NH4CI,  it  swells  up  to  a  soft,  spongy  mass,  until  it  occupies 
many  times  its  original  volume.  The  mass  evolves  ammonia  and  hydro- 
gen spontaneously,  until  nothing  but  mercury  remains.  It  has  been 
considered  to  be  a  weak  and  very  unstable  ammonium  ama^am,  a 
compound  of  the  ammonium- ion  with  mercury. 

Hg. .  Na  -f  NH4CI  =  Hg,  .  NH4  +  NaCl 

Ammonia  Besides  ammonia  there  are  a  few  other  nitrogen  compounds 

which  contain  hydrogen,  and  which,  like  ammonia,  have  basic 
properties,  combining  with  acids  to  form  salts.  Hydroxy /a  mine,  NHjOH, 
HV  which  may  be  formed  as  a  pro.Iuct  of  the  reduction  of  nitric 

h/  acid,  when  certain  metals  act  upon  dilute  nitric  acid,  is  a 

colorless  crystalline  solid  of  specific  gravity  1.235,  nielting  at  33^  Ttis 
hygroscopic,  and  unstable  at  temperatures  above  15^  breaking  down 
into  nitrogen,  nitrogen  monoxide,  nitrous  acid,  and  ammonia.  The  solu- 
tion of  hydroxylaraine  in  water  is  unstable,  tending  to  decompose  into 
water,  nitrogen,  and  ammonia. 

3  NH.OH  =  3  H,0  +  Nj  +  NH, 

H~2\^  When  we  act  upon  hydroxylamine  with  hydrochloric 
g>N-ci  acid,  hydroxylamine  hydrochloride,  NH8(0H)Cl,  a  salt, 
h/  soluble  in  alcohol  and  in  water,  is  formed. 


PRIMARY  SERIES  — GROUP  V  — NITROGEN  153" 

NHjOH  +  HCl  =  NH3(0H)C1 

Hydroxy/amine  sulphate,  NH3(OH)HS04,  and  other  similar  salts  may 
be  formed  from  hydroxylamine. 

g  Hydrazine ,  N2H4  (diamide),  formed  like  hydroxylamine 

H-^^  by  the  reduction  of  the  oxygen  compounds  of  nitrogen,  is  a 

J>lj^  colorless  fuming  liquid  of  specific  gravity  1.003.     It  forms 

with  water  a  basic  hydroxide,  N2H5OH,  which  neutralizes 
acids,  forming  salts. 

jj  Hydrazoic  acid,  N3H   (azoimide),  is  a  colorless  mobile 

hNh— H  liquid,  of  strong  odor,  boiling  at  37**,  very  explosive,  and 
^  forming  salts  with  bases. 

Binary  MHro-         Certain  binary  compounds  of  nitroeen  with  other  elements 

gen  Conf  ,  »     »      w         ^'  ^       >.    1 1 

poundB.  may  be  made  by  the  action  of  suitable  reagents  upon  ammonia 

or  ammonium  compounds. 

When  chlorine  acts  upon  an  excess  of  ammonia,  hydrogen  chloride 
is  formed,  and  nitrogen  is  set  free. 

H\ 
2  H~N  +  3  Cl-Cl  =  6  H-Cl  +  N=N 

H/ 

The  hydrogen  chloride,  as  soon  as  it  is  formed,  will  combine  with  the 
excess  of  ammonia,  forming  ammonium  chloride. 

H-N  +  H-Cl  =  u  >N-C1 
H/  ^/ 

If  the  addition  of  chlorine  is  continued  until  the  chlorine  is  in  excess, 
the  chlorine  will  act  upon  the  ammonium  chloride  formed,  with  the  for- 
mation of  the  dangerously  explosive  nitrogen  chloride,  NCI3,  and  hydro- 
gen chloride. 

^\  /^^ 

SV-CI  +  3  Cl-Cl  =  N-Cl  -f  4  H-Cl 

^/  \C1 

/Ci  Nitrogen  chloride,  NCI3,  is  an  oily  yellow  liquid  of  specific 

Cl  gravity  1.65,  having  a  characteristic  odor.     It  decomposes 

\C1  with  great  violence  when  heated  above  90°,  or  when  exposed 

to  direct  sunlight,  or  when  brought  into  the  slightest  contact  with  many 
substances.  It  is  soluble  in  benzene,  ether,  and  carbon  disulphide.  It 
is  decomposed  by  ammonia,  with  the  liberation  of  nitrogen,  and  by  hy- 
drochloric acid,  with  the  liberation  of  chlorine,  ammonium  chloride  being 
formed  in  each  case. 
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•H  Diiodoaminey  NHI2,  may  be  formed  as  a  dark-colored 

N— I  powder  when  ammonia  is  added  to  a  solution  of  iodine 

\I  containing  potassium  iodide. 

H\  /H  JJX     ^ 

3  H— N  +  2  I-I  =  N— I  +2  „>N-I 

/I  Under  slightly  different  conditions  a  compound  of  nitrogen 

N— I  iodide,  NI3,  and  ammonia  may  be  formed,  which  has  the  com- 

\I  position  NI  •  3  NHg,  which  upon  washing  with  water  giv« 

nitrogen  iodide^  NI3.  These  compounds  are  very  unstable,  being  readily 
decomposed  by  hydrochloric  acid  and  by  many  other  reagents,  and  when 
dry  exploding  when  slightly  disturbed. 

Nitrogen  sulphide,  N4S4,  orange-red  crystals,  melting  at  1 78®,  is  formed 
by  the  agtion  of  sulphur  dichloride,  SClj,  upon  ammonia.  It  is  explosive. 
Nitrogen  pentasuiphide,  N2S5,  a  deep  red  liquid,  of  specific  gravity  r.9,  is 
made  by  the  action  of  nitrogen  sulphide,  N4S4,  upon  carbon  disulphide,  CS* 

Cyanogen  Certain  compounds  of  nitrogen  with  carbon  and  some  other 

Compounds.       element  or  elements  are  known  as  the  cyanogen  compounds, 
Cyanidea  When   nitrogen  is   passed   over   a  heated  mixture  of 

carbon  and  potassium  carbonate,  potassium  cyanide^ 
KCN,  is  formed. 

il§^^=0  +  3C  +  N=N  =  2  K-C=N  +  C=0  +  C^ 

Nitrogen  acts  similarly  upon  a  mixture  of  carbon  and  barium  oxide 
to  form  barium  cyanide,  Ba(CN)2, 


Ba 


=0  +  3  C  +  N=N  =  Ba<(^  =  jJ  +  C=0 


and  ammonia  and  red-hot  carbon  react  to  form  ammonium  cyatdde, 
NH4CN. 

/H  "\ 

2  N-H  -f  C  =  J^\n-C=N  +  H-H 
\H  H^ 

Other  cyanides  of  the  alkali  metals  and  alkali  earth  metals  may  be  pro- 
duced similarly,  and  all  are  soluble  in  water.  The  soluble  cyanide?  are 
very  poisonous. 

Hydrocyanic  By  acting  upon  the  soluble  cyanides  with  acids,  hydrogen 
Acid.  cyanide,  or  hydrocyanic  acid,  is  formed.     When  we  act  upon 

potassium  cyanide,  KCN,  with  sulphuric  acid,  hydrogen  cyanide, 
HCN,  is  formed. 

A'-C  =  N  4-  i^'-Cl  =  /^-C=N  -h  K-C\ 
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In  the  laboratory  hydrogeli  cyanide  is  generally  made  by  acting  upon  a 
complex  cyanide,  potassium  ferrocyanide,  K4Fe(CN)a,  with  dilute 
sulphuric  acid. 

2  K4Fe(CN)a  -f  3  H8SO4  =  6  HCN  +  FeK2Fe(CN)5+3  KsS04 

Hydrogen  cyanide,  or  hydrocyanic  acid,  HCN  (prussic  acid),  is  a 
mobile,  intensely  poisonous  liquid,  of  specific  gravity  0.697  at  18°,  a  crys- 
talline solid  at  —15°,  boiling  at  26.5**,  forming  a  colorless  vapor.  It  is 
easily  soluble  in  water,  alcohol,  and  ether.  It  is  inflammable,  and  burns 
with  a  violet  flame,  forming  carbon  dioxide,  water,  and  nitrogen. 

In  the  presence  of  concentrated  acids  or  of  alkali  hydroxides  in  hot 
solution,  hydrogen  cyanide  is  hydrolyzed  to  formic  acid,  HCO2H,  which 
brealcs  up  into  carbon  monoxide  and  water,  with  evolution  of  ammonia. 

H-C  =  N  +  2  H-O-H  =  C=0  -f  H-O-H  +  N-H 

\H 

• 

Hydrogen  cyanide  neutralizes  basic  hydroxides  to  form  soluble  cyanides, 
in  which  carbon  and  nitrogen  constitute  a  negatit^e  ion.  By  the  action  of 
hydrogen  cyanide  upon  potassium  hydroxide,  white  soluble 
potassium  cyanide ^  KCN,  is  obtained, 

A^_0-H  -f  H-C=N  =  ^-C=N  +  H-O-H 

while  hydrogen  cyanide  and  mercuric  oxide,  HgO,  give  white 
soluble  mercuric  cyanide,  Hg(CN)2. 

Hg=0  +  2^-C=N  =  ^^<(cS55  +  H-O-H 

Insoluble  Certain  cyanides  are  insoluble  and  may  be  obtained  as  pre- 

Cyanides.  cipitates.  Potassium  cyanide,  KCN,  and  silver  nitrate, 
AgNOg,  taken  in  proper  proportions,  react  to  form  white  insoluble  silver 
cyanide,  AgCN. 

^-_C=N  -f  4^-0-N^  -  ^^-C=N  -f  ^-0-N^ 

Double  Many  insoluble  cyanides,  like  silver  cyanide,  are  acted 

Cyanides.  upon  by  an  excess  of  the  cyanide  of  an  alkali  element  to 
form  soluble  double  cyanides  containing  more  than  one  positive  ion. 
Thus,  potassium  cyanide,  KCN,  combines  with  silver  cyanide, 
AgCN,  to  form  the  white  soluble  double  cyanide,  AgCN  •  KCN. 

AgCN  +  KCN  =  AgCN  •  KCN 

Other  similar  double  cyanides  are  AgCN  •  NaCN,  AgCN  •  KCN, 
Au(CN)  •  KCN,  Hg(CN)2  •  2  KCN.  In  these  double  salts  the  con- 
stituent compounds  appear  to  be  combined  loosely.  When  acted  upon 
by  acids,  these  compounds  are  decomposed  with  formation  of  hydro- 
gen cyanide. 
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The  composition  of-  the  double  cyanides  may  be  expressed  in  graphic 
form  by  linking  together  the  cyanogen  groups,  a  practice  for  which  we 
find  warrant  in  the  existence  of  certain  soluble  compounds  of  cyanogen 
in  polymerized  form.  Thus  we  know  a  cyanogen  chloride^  CNCl,  and 
a  polymerized  form  of  cyanogen  chloride  to  which  we  give  the  symbol 
(CN)sCl3.  The  double  cyanide  of  silver  and  potassium  may  be  repre- 
sented by  the  symbols  ^ 

Ag-C^  )c-K 

N 

and  the  double  cyanide  of  gold  and  potassium  by  the  symbol 

^\ 

Au-C      ^C-K 
N 

Certain  complex  cyanides  are  more  stable  than  the  double 
cyanides.  Potassium  ferrocyanide,  K4Fe(CN)g,  usually  naade 
by  heating  together  in  a  retort  refuse  animal  substances^ 
such  as  blood,  horn,  and  hair,  with  potassium  carbonate 
and  iron,  and  potassium  ferricyanide^  KsFe(CN)e,  made  by 
treating  potassium  ferrocyanide  with  chlorine  or  some  other  oxidizing 
agent,  are  examples  of  such  complex  cyanides.  These  compounds,  though 
soluble  in  water,  when  treated  with  an  acid  do  not  form  hydrogen 
cyanide  at  once,  hut,  on  the  contrary,  cause  the  precipitation  of  the  com- 
plex acids,  hydroferrocyanic  acid,  H4Fe(CN)6,  and  hydroferricyanic  acid, 
H3Fe(CN)B.  Other  complex  cyanides  may  be  formed  in  like  manner. 
The  behavior  of  the  ferrocyanides  and  the  ferricyanides,  as  distin- 
guished from  that  of  the  simple  and  double  cyanides,  may  be  expressed 
by  graphic  symbols  in  which  the  polymerization  of  the  cyanogen  nucleus 
is  complex.  In  the  following  equation  are  shown  graphic  symbols 
for  potassium  ferrocyanide  and  potassium  ferricyanide,  in  which  the 
increase  of  valence  on  the  part  of  the  iron  atom,  which  takes  place 
when  chlorine  acts  upon  the  former  salt,  is  indicated.  Other  complex 
cyanides  show  similar  relations. 


Porro- 

cyanides 

and 

Ferri- 

cyanides. 


I 1 

K-C=N      N=C-K 


K 


-C==N    N=c-: 


K-C=N      N=C-K  K-C=N      N=C— 

\.       \  +  C1=C1  =         \        \. 

-C=N     N=C-i  r-C=N      N=C-i 

I I 

—  Fe 


+  K-a 
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Cyanates  ^y  ^^^  oxidation  of  cyanides  of  the  alkali  elements^  cyanates 

and  may  be  formed ;  and  by  the  action  of  sulphur  upon  cyanides 

Sulpho-  of  the  alkali  elements,  sulphocyanates   may  be  made.     By 

cyanatea.  heating  potassium  cyanide,  KCN,  with  lead  oxide, 
PbO,  white  y:\xi\A^  potassium  cyanate,  KCNO,  is  obtained, 

KCN  +  PbO  =  KCNO  +  Pb 

and  by  fusing  potassium  cyanide  with  sulphur,  white  so\\xb\t potas- 
sium sulphocyanate,  KCNS,  is  formed. 

"  KCN  +  S  =  KCNS 

Other  cyanates  and  sulphocyanates  are  known,  and  the  corresponding 
cyanic  acid,  HCNO,  and  sulphocyanic  acid,  HCNS,  as  well.  The  for- 
mation of  the  blood- red  ferric  sulphocyanate,  Fe(CN)8S3,  furnishes  a 
means  for  identifying  ferric  compounds  in  solution. 

Various  organic  derivatives  of  cyanides,  cyanates,  and  sulphocyanates 
possess  great  theoretical  interest  from  the  relations  of  isomerism  which 
they  present.  Thus,  the  following  symbols,  representing  known  com- 
pounds of  the  radical  methyl,  disclose  atomic  relations  suggested  by 
the  reactions  in  which  these  compounds  take  part. 

CHa-CsN  CH3-N  =  C 

Methyl  Cyanide  Methyl  Isocyanide 

CH3-N  =  C=0 

Methyl  Isocyanate 

CH, 
CH3-0-C=N-C-0-CH8  I 

I  II  0=C-N-C=0 

N=C-N  I  I 

I  CH3-N-C-N-CH3 

CH3  II 

Methyl  Cyanurate  O 

Methyl  Isocyanurate 

CH8-S-C=N  CH3-N  =  C=S 

Methyl  Sulphocyanate  Methyl  Isosulphocyanate 

By  decomposing  certain  cyanides,  cyanogen  may  be  obtained. 
Cyanogen.  Mercuric  cyanide,  Hg(CN)2,  and  silver  cyanide,  AgCN, 
when  heated  give  the  metal  and  a  compound  of  carbon  and  nitrogen 
called  cyanogen,  C2N2,  so  named  because  several  of  the  compounds  into 
which  it  enters  possess  a  blue  color. 
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.C  =  N  C=N 


Hg^  =  Hg  +    I 


x:=N 


C=N 


C=N 
2Ag— C=N  =  2  Ag  +  I 

C=N 

Cyanogen^  C2N2  (dicyanogen),  which  may  also  be  produced  in  other 
ways,  is  a  colorless  gas,  condensing  to  a  mobile  liquid  at  —  25°,  or  under 
a  pressure  of  5  atmospheres,  having  a  specific  gravity  of  0.866  ;  solidify- 
ing at  —34°  to  a  crystalline  mass;  boiling  at  —21®.  Cyanogen  gas  is 
very  poisonous,  and  has  a  peculiar  odcr  suggesting  the  odor  of  peach 
stones.  It  is  soluble  in  water  and  alcohol.  It  bums  with  a  bluish  puq)ie 
flame,  forming  carbon  dioxide  and  nitrogen. 

The  water  solution  of  cyanogen  undergoes  spontaneous  hydrolysis, 
with  formation  of  ammonium  oxalate,  and  this  reaction  is  hastened  by 
presence  of  an  acid. 

C=N  NH4-0-C=0 

I  +4H-0-H=  I 

C=N  NH4-0-C=0 

A  polymeric  form  of  cyanogen,  (CN)„,  of  unknown  molecular  weight, 
remains  in  solid  form  when  cyanogen  is  evolved  at  moderate  heat  from 
mercuric  cyanide.  It  is  resolved  into  dicyanogen,  (CN)2,  at  a  higher 
temperature. 

Preparatton  ^^  ^^^^  ^^^^  ^^^^  many  of  the  nitrogen  compounds  max 

of  Nitrogen.  ^^  decomposed,  with  the  liberation  of  nitrogen.  Several  cf 
these  reactions  of  decomposition  may  be  utilized  for  the  preparation  oj 
pure  nitrogen. 

When  a  mixture  of  ammonium  nitrate,  NH4NOS,  and  ammonium 
chloride,  NH4CI,  is  heated,  water  is  formed,  and  a  mixture  of  nitroger. 
and  chlorine  is  evolved,  from  which  the  chlorine  may  be  separated  br 
passing  through  a  solution  of  sodium  hydroxide  or  calcium  hydroxide. 

4  NH4NO3  +  2  NH4CI  =  12  H2O  -h  Clj  -f  5  N, 

When  ammonium  nitrite,  NH4NO2,  is  heated,  water  is  formed, 
and  nitrogen  is  set  free. 

NH4NO2  =  2  H2O  +  Nj 
In  practice  a  similar  result  may  be  obtained  by  warming  a  solution  of 
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equal  parts  of  ammonium  chloride,  NH4CI,  and  sodium  nitrite, 
NaNO,,  in  an  equal  volume  of  water. 

NH4CI  -f-  NaNOj  =  NaCl  4-  2  H^O  -f  Nj 

When  ammonium  dichro mate,  (NH4)2Cr207,  is  heated,  chromium 
trioxide,  CrsOa,  and  water  are  formed,  and  nitrogen  is  evolved. 

(NH4)2CrA  =  CrA  +  4  HjO  -f  N, 

In  practice  it  is  best  to  heat  a  mixture  of  ammonium  chloride,  NH4CI, 
and  potassium  dichromate,  KsCrjO;,  with  a  similar  result. 

2  NH4CI  +  KjCrjOx  =  CrA  -f  2  KCl  +  4  H,0  -f  N, 

When  chlorine  gas  is  passed  through  a  solution  of  ammonia,  NHj, 
care  being  taken  to  keep  the  ammonia  in  excess,  to  prevent  the  possible 
formation  of  nitrogen  chloride,  the  ammonia  is  completely  reduced  with 
formation  of  hydrogen  chloride,  and  evolution  of  nitrogen. 

2  NH3  +  3  Clj  =  6  HCl  -f  N, 

In  practice  a  stream  of  chlorine  is  passed  from  the  chlorine  generator 
through  a  concentrated  ammonia  solution  contained  in  a  flask  from 
which  the  evolved  nitrogen  may  be  collected  over  water  in  a  pneumatic 
trough. 

We  note  tivo  distinct  classes  of  nitrogen  compounds  —  the 

nitrogen  oxides^  and  their  derivatives^  the  nitrogen  acids  and 

their  salts  ;  and  ammonia,  and  its  derivatives,  the  ammonium  compounds. 

The  nitrogen  oxides  may  be  prepared  by  decomposing  nitric  acid  or 
nitrates.  Nitric  acid  is  a  colorless  liquid,  readily  neutralizing  bases, 
/ortning  nitrates  generally  soluble  in  water,  in  which  nitrogen  is  a  con- 
stituent of  the  negative  ion.  It  is  decomposed  by  heating.  Nitric  acid  is 
acted  upon  by  many  positive  elements  with  the  formation  of  nitrates,  and 
nitrogen  oxides,  nitrogen,  ammonia,  or  other  reduction  products  contain- 
ing nitrogen.  Nitrates  may  be  decomposed  by  heating  with  the  forma- 
tion of  nitrites  or  nitrogen  oxides  and  other  products. 

Nitrous  acid  exists  in  solution  only ;  its  salts,  the  nitrites^  in  which 
nitrogen  is  in  the  negative  ion,  may  be  decomposed  by  acids  with  the  forma- 
tion of  nitrogen  oxides.  Sodium  nitrite  and  potassium  nitrite  are  soluble 
in  water.  Hyponitrites  and  hyponitrous  acid  may  be  made  by  reducing 
nitrites. 
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■ 

Ammonia  is  a  colorless  gas ,  forming  with  waUr  ammonium  hydroxide, 
7vhich  acts  like  a  basic  hydroxide^  in  which  nitrogen  and  four  fifths  of 
the  hydrogen  constitute  a  positive  ion.  Both  ammonia  and  ammonium 
hydroxide  form  with  acids  ammonium  salts,  easily  soluble,  volatilized  by 
heat,  and  decomposed  by  bases  with  the  liberation  of  ammonia, 

Hydroxylamine^  hydrazine,  and  hydrazoic  acid,  Uke  ammonia^  contain 
nitrogen  and  hydrogen,  and  form  salts.  By  the  action  of  chlorine  upon 
ammonia  or  ammonium  compounds,  nitrogen  chloride  may  be  formed, 
and  nitrogen  compounds  of  iodine  and  of  sulphur  may  also  be  formed 
from  ammonium  compounds.  Cyanogen,  composed  of  carbon  and  nitro- 
gen, exists  by  itself  and  as  a  negative  ion  in  combination  with  many- 
elements  in  cyanides,  both  simple  and  complex. 

Nitrogen  may  be  liberated  from  some  of  its  compounds  containing  both 
oxygen  and  hydrogen  and  from  others  by  the  action  of  suitable  reagents. 


Phosphorus,  P,  31.0 

Native  The  most  abundant  native  compounds  of  phosphorus  are 

Phosphates.  the/^^j/^^/<fj,  salts  of  orthophosphoric  acid,  H3PO4.  The 
mineral  phosphorite,  the  most  important  naturally  occurring  phosphate, 
consists  of  the  insoluble  calcium  orthophosphate,  C2^{^0^)^  combiDed 
with  fluorine  or  chlorine.  By  the  weathering*  of  phosphatic  rocks,  the 
phosphates  pass  into  the  soil,  where  they  constitute  an  important  source 
of  plant  food.  In  animal  bodies  phosphates  are  present  in  some  fluid 
secretions,  but  principally  in  the  bones,  the  solid  matter  of  which  con- 
sists principally  of  calcium  orthophosphate.  When  the  organic  matter 
of  bones  is  removed  by  burning  or  by  treatment  with  superheated  steam, 
nearly  pure  calcium  orthophosphate  remains.  Other  phosphates  may 
be  recovered  from  guano  and  other  animal  products. 

Phosphorus  is  usually  prepared  by  heating  tricalciura 
orthophosphate,  Ca3(P04)8  {bone  phosphate),  with  silicon 
dioxide  and  carbon,  or  with  sulphuric  acid ;  or  by  heating  the  acidic 
phosphate,  CaH4(P04)2,  or  phosphoric  acid,  HjPO^,  with  carbon,  the 
phosphorus  vapor  being  collected  and  solidified  under  water.  The 
impure  phosphorus  thus  obtained  is  purified  by  melting  under  warm 
water,  and  straining,  or  by  redistilling,  after  which  it  is  cast  into  sticks 
for  use. 
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AUotropic  Phosphorus  exists  in  three  allotropic  modifications ^  yellow 

Forms  of  phosphoras,  red  phosphorus,  and  a  third  more  crystalline 
Pbosphoms.  ^^^  denser  variety.  The  common  yelloui  phosphorus^  when 
first  prepared,  is  a  nearly  colorless,  transparent,  soft,  waxy  solid,  which 
upon  exposure  to  sunlight  turns  yellow,  becoming  finally  reddish  and 
non-transparent  on  the  surface.  It  has  a  specific  gravity  of  1.83  at  10°. 
Under  water  it  melts  at  44.4%  and  boils  at  287**.  The  specific  gravity 
and  molecular  weight  of  phosphorus  vapor  is  1 24,  corresponding  to  the 
molecular  symbol  P4.  Yellow  phosphorus  is  soft  and  tough  at  ordinary 
temperatures,  but  is  brittle  at  0°.  It  is  insoluble  in  water,  slightly  soluble 
in  alcohol  and  ether,  but  very  readily  soluble  in  carbon  disulphide,  from 
which  solution  it  may  be  recovered  in  crystals.  Yellow  phosphorus  is 
very  active  chemically,  oxidizing  spontaneously  at  ordinary  temperatures, 
and  inflaming  when  slightly  warmed.  A  piece  of  paper,  or  cotton  fiber, 
moistened  with  a  carbon  disulphide  solution  of  phosphorus,  will  be  set 
on  fire  spontaneously  by  the  inflaming  phosphorus,  as  soon  as  the  car- 
bon disulphide  has  evaporated.  In  the  dark,  yellow  phosphorus  exhibits 
a  characteristic  glowing  ox  phosphorescence^  caused  by  the  slow  formation 
of  a  compound  of  phosphorus  and  hydrogen.  Yellow  phosphorus  is  very 
poisonous,  causing  a  peculiar  disease  of  the  bones. 

Red  phosphorus  is  a  reddish  brown  powder,  of  specific  gravity  2.19, 
minutely  crystalline  in  form.  It  does  not  melt,  even  at  red  heat,  and  it 
vaporizes  slowly  under  100**.  It  is  insoluble  in  water  and  in  carbon 
disulphide.  It  is  very  stable,  remaining  unaltered  in  dry  air,  and  exhibit- 
ing no  phosphorescence.  It  inflames  at  260**.  Red  phosphorus  is  pre- 
pared by  heating  yellow  phosphorus  to  300°  in  closed  vessels  free  from 
air,  cooling,  and  extracting  the  unchanged  yellow  phosphorus  with  carbon 
disulphide.  When  the  red  phosphorus  is  heated  above  260**  in  an  inert 
atmosphere,  it  forms  vapors  which,  when  condensed  quickly,  produce  the 
ordinary  yellow  phosphorus.     Red  phosphorus  is  not  poisonous. 

When  yellow  phosphorus  is  heated  in  a  closed  tube,  free  from  air,  to 
530°,  or  when  yellow  phosphorus  is  heated  with  lead  to  redness,  it  forms 
small  black  shining  crystals,  of  specific  gravity  2.34,  vaporizing  with 
difficulty,  and  having  a  metallic  appearance. 

Phosphorus,  especially  the  yellow  phosphorus,  is  very  active  chemi- 
cally, combining  energetically  with  oxygen,  hydrogen,  chlorine,  and 
similar  elements,  and  with  many  metals,  forming  compounds  which  we 
shall  study  in  order. 

M 
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Oxidea  and  The  phosphorus  oxides  are  two  in  number,  holding  dif* 

Hydroxides.  ferent  amoiints  of  oxygen,  while  there  are  several  phosphoras 
hydroxides,  some  of  which  may  be  formed  from  known  correspondiDg 
phosphorus  oxides.     Thus  we  have  : 

OxiDBS  Hydroxides 

Phosphorus  pentoxide,  P2O5  Orthophosphoric  acid,  H5PO4 

Pyrophdsphoric  acid,  H4PjOf 

Metaphosphoric  acid,  HPOj 


Phosphorus  trioxide,  PjOa  and  P40«      Phosphorous  acid,  H3PO3 

Hypophosphoric  acid,  H4PJO1 

Hypophosphorous  acid,  HsPOj 


Orthophosphoric  acid,  H8PO4,  may  be  formed  from  the  phosphorus 
pentoxide,  P2O5,  and  corresponds  to  that  oxide ;  phosphorous  acid, 
H3PO3,  corresponds  to  the  ideal  phosphorus  trioxide,  P2O3,  which,  how- 
ever, in  a  state  of  vapor,  has  the  polymerized  composition,  P40e.  Phos- 
phorous acid  may  be  made  from  this  oxide.  Phosphorus  pentoxide  and 
phosphorus  trioxide  are  therefore  the  anhydrides  of  orthophosphoric 
acid  and  phosphorous  acid  respectively.  Pyrophosphoric  acid,  H4PA» 
and  metaphosphoric  acid,  HPO3,  are  oxy hydroxides,  being  anhydrides 
formed  by  removing  the  elements  of  water  from  orthophosphoric  acid. 
Hypophosphoric  acid,  11^^20^  is  intermediate  between  orthophosphoric 
acid  and  phosphorous  acid,  being  formed  when  phosphorus  is  slowly 
oxidized  in  presence  of  water.  Hypophosphorous  acid,  HgPOj,  contains 
less  oxygen  than  phosphorous  acid,  and  resembles  both  a  hydroxide  and 
a  hydride.  The  phosphorus  hydroxides  may  all  be  formed  when  ph(K- 
phorus  is  allowed  to  slowly  oxidize  spontaneously  in  moist  air. 

Phoaphorua  ^  ^^J  prepare  the  two  phosphorus  oxides  by  oxidising 

Oxidaa.  phosphorus  directly. 

Phosphorus  pentoxide,  P.2O5,  is  formed  when  phosphorus  is  burned 
in  an  excess  of  oxygen  or  dry  air. 

4  P  -f  5  O2  =  2  P  A 

The  possible  constitution  of  phosphorus  pentoxide  may  be  made  a 
matter  of  discussion.     If  we  assign  to  phosphorus  the  symbol 

P=P 

II      II 
P=P 
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suggested  by  the  specific  gravity  of  phosphorus  in  vapor  condition,  we 
might  conceive  phosphorus  pentoxicie,  formed  by  the  complete  oxidation 
of  phosphorus,  to  have  a  similar  constitution 

P-O-P 

0000 

p-o— p 
\o/ 

Of  the  molecular  weight  of  phosphonis  in  solid  condition,  or  of  phos- 
phorus pentoxide,  however,  we  have  no  knowledge^  so  we  find  it  con- 
venient to  represent  both  substances  by  the  simplest  possible  equivalent 
symbols,  P  and  P2O5. 

The  formation  of  phosphorus  pentoxide  maybe  represented  graphically 
by  the  equation :  y 


P=P  v>^ 

II   11  +  50=0  =  2  No 

P=P  ^o 

Phosphorus  pentoxide  may  be  prepared  in  quantity  by  igniting  pieces 
of  phosphorus  contained  in  an  iron  dish  suitably  placed  within  a  vessel 
into  which  dry  oxygen  or  air  is  drawn  by  means  of  an  aspirator.  Phos- 
phorus pentoxide  is  a  voluminous  white  flocculent  powder,  slightly 
volatile  at  extremely  high  temperatures,  very  hygroscopic  and  deli- 
quescent in  ordinary  air.  It  is  largely  employed  as  a  desiccator  or 
drying  agent. 

Phosphorus  pentoxide  combines  with  water  with  great  evolution  of 
heat,  forming  a  solution  of  metaphosphoric.  acid,  HPO3,  from  which,  after 
boiling,  orthophosphoric  acid,  H3PO4,  may  be  obtained.  Phosphorus 
pentoxide  is  the  anhydride  of  the  phosphoric  acids. 

^•^  ryyO 

>0  +  H-O-H  =  2H-0-PCX 
H-O-PCX  +  H-O-H  =  H-0-P=0 
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Phosphorus  trioxide,  P4O5,  may  be  formed  by  gently  heating  phos- 
phorus in  a  tube,  through  which  is  passed  a  stream  of  dry  oxygen  or  air. 
Phosphorus  trioxide  exists  either  as  colorless  needles  or  as  a  white 
flocculent  solid,  of  specific  gravity  1.9,  melting  at  22.5°,  subliminz 
readily.  The  specific  gravity  of  its  vapor  is  224,  showing  that  in  vapor 
form  it  has  the  composition  shown  by  the  symbol  YJd%.  It  decom- 
poses at  400°,  yielding  phosphorus,  and  when  exposed  to  oxygen  ot  ^ 
it  quickly  oxidizes  to  phosphorus  pentoxide. 

Since  we  know  that  the  molecular  weight  of  phosphorus  trioxide. 
P40g,  corresponds  to  the  molecular  condition  of  phosphorus,  P4,  we  may 
represent  the  formation  of  phosphorus  trioxide  by  the  equation : 


P=P 

11      II  4.  30=0  = 

P=P 


/0\ 
P-O-P 

\o/ 

P-O-P 


We  shall  find  it  more  convenient,  however,  as  in  the  case  of  phosphom 
pentoxide^  to  represent  phosphorus  trioxide  by  its  simplest  symbol, 

»  p=o 

P^O 

Phosphorus  trioxide  slowly  combines  with  cold  water,  forming  ph^ 
phorous  acid,  H3PO3,  of  which  it  is  the  anhydride. 

P2O8  4-  3  H,0  =  2  H3POS 

When  hot  water  is  used,  the  reaction  is  much  more  complex,  ortho- 
phosphoric  acid,  H3PO4,  and  other  products  being  formed  The  coti- 
stitution  of  phosphorous  acid  we  shall  discuss  later. 

PhoBphorio  ^^  studying  the  phosphorus  hydroxides  we  commence  an"^ 

AeidB.  orthophosphoric  acid  and  the  oxyacids  derived  from  it  wku' 

may  be  obtained  from  the  corresponding  phosphorus  pentoxide, 
s—ok  When  an  excess  of  dilute  sulphuric  acid  acts  upor 

H—o-^^0  calcium    orthophosphate,    Ca8(P04)2,    orthophospkpr^ 
acid,  HjP04,  and  calcium  sulphate  are  forraed. 

Ca^CPO^),  +  3  HSOt  =  2  B^PO^  +  3  CoSOi     ' 
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From  the  resulting  concentrated  solution  the  nearly  insoluble  calcium 
sulphate  may  be  removed  by  filtration,  and  the  excess  of  sulphuric  acid 
and  water  may  be  removed  by  evaporation,  leaving  a  residue  which, 
boiled  with  water,  yields  the  orthophosphoric  acid  as  a  thick  colorless 
sirup.  From  this  slightly  impure  phosphoric  acid,  upon  standing, 
colorless  prismatic  crystals  may  be  deposited,  which  melt  at'  38.6°,  are 
very  hygroscopic,  and  rapidly  turn  into  a  sirupy  liquid  when  exposed  to 
damp  air. 

The  normal  orthophosphoric  acid  evolves  water  when  heated^  forming 
pyrophosphoric  acid  and  metaphosphoric  acid,  oxyacids  containing  higher 
proportions  0/  phosphorus  and  oxygen,  and  smaller  proportions  of  water, 
than  are  present  in  the  orthophosphoric  acid.  When  orthophos- 
phoric acid,  H3PO4,  is  heated  to  260**,  each  two  equivalents  of  it  lose 
H— o\  one  equivalent  of  water,  becoming  thereby  converted  into 


::;>-» 


i/— O/j         pyrophosphoric  acid,  H4P2O7  (diphosphoric  acid),  a  white, 

,         opaque,  crystalline  solid,  soluble  in  water. 
>P=0 

^-^^  2  H8PO4  =  H4P  A  +  H2O 

When  the  temperature  is  raised  to  300%  each  equivalent  of  the  ortho- 
phosphoric acid  loses  one  equivalent  of  water,  forming  metaphosphoric 
^^  acid,  HPOs,  a  transparent  glassy  mass,  soluble  in  water 
i^— 0— P^Q  and  deliquescent.  % 

H3PO4  =  HPO3  +  HjO 

At  300®  pyrophosphoric   acid  is  similarly   decomposed,   forming 
metaphosphoric  acid. 

H^PaO:  =  2  HPOs  -f  HjO 

Metaphosphoric  acid,  HPOa,  combines  with  water  with  a  rapidity 
increasing  with  the  temperajture,  forming  orthophosphoric  acid, 

HPO3  +  H2O  =  H8PO4 

and  pyrophosphoric  acid,  H4P2O7,  acts  in  a  similar  manner. 

H4P2O7  +  H2O  =  2  H3PO4 

Interactloii  The  phosphoric  acids  are  strong  acids  and  readily  neu- 

phoric  Adds   ^^^^^^  bases,  with  the  formation  of  water  and  phosphates,  — 
with  Bases,    salts  in  which  phosphorus  is  in  tJie  negative  ion. 
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By  the  action  of  orthophosphoric  acid  upon  bases  the  orthophospkat'i 
may  be  formed ;  and  since  orthophosphoric  acid  is  tribasic,  we  moj 
have  both  neutral  and  acidic  orthophosphates. 

The  raonacidic  sodium  hydroxide  forms  with  orthophosphoric  acid 
three  kinds  of  salts  —  one  neutral  orthophosphate  and  two  acidic  onh j- 
phosphates'.  When  we  act  upon  sodium  hydroxide  with  ortho- 
phosphoric acid,  H8PO4,  in  such  proportions  that  three  equivalents 
of  the  base  act  upon  one  equivalent  of  the  acid,  neutral  trisodium 
orthophosphate f  Na8p04,  is  formed. 

3  NaOn  +  B^VO^  =  Na^?0^  -f  3  H,0 

When  two  equivalents  of  sodium  hydroxide  act  upon  one  equivalen: 

of  orthophosphoric  acid,  disodium  hydrogen  orthophosphate^  Na,HPC),, 

is  formed, 

2iVaOH  +  jy^HPO^  =  Na.^VO^  +  2  H,0 

while  the  action  of  one  third  the  full  equivalent  quantity  of  sodium 
hydroxide  will  give  sodium  dihydrogen  orthophosphate, 

iVbOH-f  HYi^VO^  =  Na\{.VO,  +  H,0 

^  ..  The  sodium   orthophosphates   are  white  solids,  readih 

Sodium  /      -r  » 

Phosphates.      soluble  in  water,  reco7>erable  from  solution  cls  crystals  lon- 
j!fa—o\  taining  water  of  crystallization  which  may  be  removed  h 

j^a— 0— P=0   heating.     The  most  important  of  the  three  salts,  diso^u^ 

hydrogen  orthophosphate ^  Na2HP04,  is  formed  by  neutral- 
izing orthophosphoric  acid  with  sodium  hydroxide,  added  until  litmo-^ 
shows  a  feebly  alkaline  reaction,  or,  with  sodium  carbonate,  Na^CO. 
added  until  effervescence  ceases. 

NaXlO^  4-  ^2HP04  =  Na^nVO^  +  HgO  -f  CO, 

From  the  solution  the  acidic  orthophosphate  may  be  recovered  by  c^'ap- 
oration  at  the  onlinary  temperature  as  crystals  having  the  composition 
Na2HP04  •  12  HoO.     This  salt  is  the  common  "  sodium  phosphate." 
JVa— o\  ^^^  neutral  trisodium  orthophosphate y  Na3p04,  is  usualH 

Art— 0^p=0  prepared  by  adding  sodium  hydroxide  in  proper  exre<^ 
to   disodium   hydrogen   orthophosphate,   NajWrO,. 
It  may  be  recovered  from  solution  as  prismatic  crystals  having  the  c-^in- 
position  Na8P04 .  1 2  H2O,  which  lose  eleven  molecules  of  water  at  \oo 
and  all  of  their  water  at  red  heat. 

NaOU  +  Na,,H?0^  =  Na^VO^  +  HoO 
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Trisodium  orthophosphate  may  also  be  obtained  in  anhydrous  condition 
by  fusing  the  disodium  hydrogen  orthophosphate  with  an  excess 
of  sodium  carbonate. 

The  trisodium  orthophosphate,  however,  is  quite  unstable,  somewhat 
hydrolyzed  in  solution,  and  attacked  by  even  so  weak  an  acid  as  car- 
bonic acid,  with  the  formation  of  disodium  hydrogen  orthophosphate. 

Na3P04  -I-  HaO  =  NagHPO^  4-  NaOH 

2  NagPO*  -f  CO2  +  H,0  =  2  Na2HP04  +  NajCOs 

y  _  Sodium  dihydrogen  orthophosphate y  NaH2P04,  is  usually 

H -0^=0  prepared  by  acting  upon  disodium  hydrogen  ortho- 
~  phosphate,    Na2HP04,    with    orthophosphoric    acid, 

H3PO4.  It  may  be  recovered  from  solution  in  crystals  having  the  com  po- 
sition NaH2P04  •  H2O,  which  lose  their  water  of  crystallization  at  100°. 
Potassium  hydroxide  forms  with  orthophosphoric  acid  three  classes  of 
orthophosphates,  similar  to  the  sodium  orthophosphates,  and  similar 
salts  of  the  other  alkali  elements  may  also  be  formed.  The  orthophos- 
y)hates  of  the  alkali  elements  are  all  soluble  in  water. 
Insoluble  Ortho-  The  orthophosphates  of  many  elements  are  insoluble  and 
phosphates.        fnay  be  produced  as  characteristic  precipitates. 

<Qv  By  acting  upon  a  solution  of  an  orthophosphate,  not 

0 — P=0     too  acidic,  such  as  disodium  hydrogen  phosphate, 
H— 0/  Na2HP04,  with  a  solution  of  a  soluble  salt  of  calcium,  such 

/0\  as  calcium  chloride,  CaClj,  we  may  obtain  a  precipitate 

\<^P=^  of  white  calcium  hydrogen  orthophosphate ^  CaHP04,  or  of 
Ca<^Q.  tricalcium   orthophosphate^    Ca3(P04)2,   according  to   the 

/Q— P=0     conditions  and  the  proportions  in  which  the  substances 
\0/  interact. 

Na2HP04  +  CaCl,  =  CaHP04  -f  2  NaCl 

4  Na2HP04  -f  3  CaClg  =  Ca8(P04)2  -f  2  NaH2P04  +  6  NaCl 

Both  these  precipitates  are  acted  upon  by  dilute  acids  with  formation 
of  an  acidic  calcium  phosphate,  or  of  phosphoric  acid,  according  to 
conditions.  When  neutral  calcium  orthophosphate,  Ca3(P04)2,  is  acted 
upon  by  the  proper  amount  of  sulphuric  acid,  the  soluble  acidic  phos- 
phate CaH40fl(PO)2  is  formed.     This  is  the  so-called  superphosphate, 
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made  by  acting  upon  phosphatic  rock  or  upon  bone  ash  with  sulphmic 
acid,  and  employed  as  a  fertilizer. 

CaaCPO^)^  +  2  H2SO4  =  CaH^OeCPO),  -f  2  CaS04 

<Qv  By  adding  a  soluble  salt  of  magnesium,  such  as  mag- 

0— p=0    nesium  sulphate,  MgS04,  to  a  solution  of  di sodium 
^~^'^  hydrogen  orthophosphate,  a  while  fairly  insoluble 

precipitate  of  magnesium  hydrogen  orthophosphate^  MgHP04,  or  the 
more  insoluble  trimagnesium  orthophosphate,  Mg3(P04)j,  may  be  ob- 
tained, both  of  which  are  similar  to  the  corresponding  calcium  salts. 
In  the  presence  of  ammonium  hydroxide,  NH4OH,  and  of  an 
H^N~o\  ammonium  salt,  such  as  ammonium  chloride,  NH4CI, 
/O — P=0  the  precipitate  consists  of  the  white  ammonium  magnf- 
^^/  sium  orthophosphate,  NH4MgP04.     If  the  precipitation  is 

effected  slowly,  best  by  adding  ammonium  hydroxide  very  slowly  to  the 
solution  of  the  magnesium  salt  and  the  orthophosphate,  the  precipitate 
is  crystalline.     It  is  acted  upon  by  dilute  acids. 

Na«HP04  +  NH4OH  +  MgS04  =  irH4MgP04  +  Na«S04  +  HjO 

Ao—Ok  ^  soluble  silver  salt,  such  as  silver  nitrate,  AgNO& 

^n— 0~P=0     precipitates  in  solutions  of  disodium  hydrogen  ortho- 
phosphate, yellow  si/7^er  orthophosphate,  Ag3p04,  acted 
upon  by  nitric  acid  and  by  ammonium  hydroxide. 

NasHP04  +  3  AgNOa  =  Ag3P04  +  2  NaNOj  +  HNO, 

When  to  a  solution  of  disodium  hydrogen  orthophosphate  acid- 
ified with  nitric  acid,  ammonium  molybdate,  (NH4)2Mo04,  is 
added,  a  pale  yellow  precipitate  of  ammonium  phosphomolybdate  forms, 
to  which  the  composition  (NH4),,P04  •  11  MoOg  •  6  HjO  is  assigned. 

The  acidic  sodium  orthophosphates,  like  orthophosphonc 

acid,  may  be  decomposed  by  heat,  with  evolution  of  water 

and  the  formation  0/  sodium  pyrophosphate  and  sodium  metaphosphate, 

Na—o\  When     disodium     hydrogen     orthophosphate. 

Xa—o/^^^     Na2HP04,  is  heated  to  300**,  each  two  equivalents  of  it 

0  evolve  one  equivalent  of  water,  and  neutral  sodium  fiyr&- 

-^"~^\p^0     phosphate,  Na4pa07  (sodium  diphosphate),  is  formed  as  a 

**""  ^  colorless  glassy  mass,  soluble  in  water.     From  its  solution 

in  water,  it  may  be  recovered  as  prismatic  crystals,  Na4Pj07  •  xo  H|0. 

2Na2HP04  =  Na4PA  -f  H,0 
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Jfo— OV  When  the  disodiura  hydrogen  orthophosphate  ii 

H— 0/?"^    heated  to  150**  with  concentrated  hydrochloric  acid, 
0         every  two  equivalents  of  it  lose  one  equivalent  of  water, 
^""^X^.O    ''^hile  at  the  same  time  lialf  of  the  sodium  is  replaced 
**~  ^  by   hydrogen,   with   formation   of    the    acidic    disodium 

dihydrogen  pyrophosphate ^  NajHjP^7  (disodium  dihydrogen  diphos- 
phate), a  white  solid  soluble  in  water. 

3  NajHPO^  +  2  HCl  =  NajHzPA  +  H^O  +  2  NaCl 

The  same  compound  maybe  produced  by  heating  sodium  dihydrogen 
orthophosphate  to  about  200®,  when  each  two  equivalents  of  it  lose 
one  equivalent  of  water.  V 

2  NaH2P04  =  Na^HjPjO:  -f  H^O 

v«_A-.p^      When  a  solution  of  sodium  dihydrogen  orthophos- 

"^^  phate  is  heated  to  240°,  each  equivalent  of  it  loses  one 

equivalent  of  water,  and  sodium  metaphosphatey  NaPOa,  is  formed  as  a 

soluble  white  solid. 

NaHaP04  =  NaPOg  +  HjO 

The  sodium  metaphosphate  may  also  be  obtained  by  heating  the  di- 
sodium dihydrogen  pyrophosphate,  NajHjPjO;, to  240®,  when  each 
equivalent  of  it  loses  one  equivalent  of  water. 

Na^H^PA  =  2  NaPOg  -f  HjO 

Instead  of  the  simple  sodium  metaphosphate,  NaPOj,  several  poly- 
meric modifications,  represented  above,  of  the  same  compound,  such  as 
NasP206,  Na-jPaOo,  and  NaflP«Oi8,  niay  be  obtained  when  the  orthophos- 
phates  or  pyrophosphates  are  heated.  These  metaphosphates,  formed 
as  glassy  residues  when  the  sodium  dihydrogen  orthophosphate  is  heated, 
are  turned  to  account  in  analytical  work,  —  since  they  tend,  when 
heated,  to  form  pyrophosphates  and  orthophosphates,  and  in  so  doing 
will  absorb  some  oxides  of  metals  with  the  formation  of  complex  phos- 
phates of  characteristic  colors.  In  making  such  tests  the  sodium  phos- 
phate is  fused  into  a  transparent  bead  in  a  loop  of  platinum  wire,  and 
the  bead  is  then  dipped  into  the  powdered  oxide,  and  again  fused, m  a 
blowpipe  flame  until  the  oxide  or  the  reduced  metal  becomes  thoroughly 
incorporated  into  the  glass,  and  the  bead  assumes  a  characteristic  color. 

Sodium  tetraphosphaUf  Na^PiOi-j,  resembling  sodium  pyrophosphate, 
Na4P207,  has  been  obtained  by  fusing  sodium  orthophosphate  or  sodium 
pyrophosphate  with  polymerized  sodium  metaphosphate.      A  similar 
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insoluble  siher  tetraphosphaie,  AgaP40i3,  may  be  obtained.  Very  manr 
other  complex  phosphates  have  been  prepared. 

Sodium  pyrophosphate  and  sodium  metaphospkate  m-i 
of  Oxyphos-  ^^^^  ^^  formed  by  the  neutralization  of  pyrophosphoric  a:i^ 
phoiic  Acids  and  metaphosphoric  acid  respectively  by  sodium  hydroxui-: 
When  we  act  upon  a  solution  of  pyrophosphoric  aci.i. 
H4P2O7,  with  sodium  hydroxide,  in  such  proportions  that  one  equiva- 
lent of  the  acid  will  be  neutralized  by  four  equivalents  of  the  base,  we 
may  obtain  sodium  pyrophosphate y  Na^PoO;, 

4  NaOn  -h  H^?fij  =  Na^KO^  +  4  HgO 

and  with  one  half  as  much  sodium  hydroxide,  disodium  dthydrotf^ 
pyrophosphate,  Na2H5jp207,  is  formed. 

2  NaOYi  +  /^sHaP.,0;  =  uVfljHoPaO;  -f-  2  H^XD 

When  we  act  upon  metaphosphoric  acid,  HPO3,  with  an  excess rf 
sodium  hydroxide,  sodium  metaphosphate,  NaPOj,  or  one  of  itj 
polymeric  modifications,  may  be  obtained. 

Hydration  ^>''^  sodium  metaphosphates  and  the  sodium  pyrophosphate  ^ 

of  Ozysalts.  pi^y  he  chani^ed  into  sodium  orthophosphate  by  the  action ; / 
water  or  of  other  reagents.  When  a  water  solution  of  sodium  men- 
phosphate,  NaPO^,  or  of  one  of  its  polymeric  modifications,  isnarmet; 
sodium  dihydrogen  orthophosphate,  NaH2p04,  is  gradually  formed. 

/n  Na-0\ 

Na-O-vCA  +  H-O-H  =    H-0-P=0 
^^  H-0/ 

The  same  compound  may  be  formed  by  warming  sodium  mcta- 
phosphate  with  nitric  acid,  or  by  fusing  it  with  sodium  hydroxide. 

A  water  solution  of  sodium  pyrophosphate,  Na4pj07,  renuir? 
unchanged  when  warmed,  but  when  such  a  solution  is  heated  withadiUtf 
acid,  such  as  nitric  acid,  it  becomes  rapidly  changed  into  sodiui 
dihydrogen  orthophosphate,  NaHjP04. 

Na4P,,07  -t-  HoO  +  2  HNO3  =  2  NaHjPO*  +  2  NaNO, 

The  change  of  a  pyrophosphate  to  an  orthophosphate  niay  be  also 
effected  by  fusing  the  pyrophosphate  with  sodium  hydroxide. 
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Soluble  pyrophosphates  and  metaphosphates  of  potassium,  and  of  the 
other  alkali  elements,  may  be  produced  by  the  decomposition  of  the 
corresponding  orthophosphates,  or  by  the  neutralization  of  p)a'ophos- 
phoric  acid  by  alkali  hydroxides. 

Insoluble  Some  pyrophosphates  and  metaphosphates ^  like  the  ortho- 

Oxysalts.  phosphates,  are  insoluble  and  may  be  precipitated  by  adding 
reagents  to  solutions  of  pyrophosphoric  acid  or  pyrophosphates^  or  meta- 
phosphoric  acid,  or  metaphosphates.  By  adding  silver  nitrate, 
AgNOj,  to  a  solution  of  a  soluble  pyrophosphate,  such  as  sodium  pyro- 
phosphate, Na4P207,  a  precipitate  of  white  crystalline  silver  pyrophos- 
phate, Ag4pa07,  may  be  obtained. 

Na4P207  +  4  AgNOa  =  Ag^PA  +  4  NaNOg 

By  adding  silver  nitrate  to  a  solutioa  of  a  soluble  metaphosphate, 
such  as  sodium  metaphosphate,  NaPOs,  or  some  polymerized  form 
of  it,  we  may  get  a  precipitate  of  white  silver  metaphosphate,  AgPOa, 
acted  upon  by  an  excess  of  either  reagent. 

NaPOs  -f-  AgNOg  =  AgPOg  -f-  NaNOj 

Ammoninm  ^^  ammonium  orthophosphates,  formed  by  the  neutrali- 

Orthopbos-  zation  of  orthophosphoiic  acid  with  ammonium  hydroxide, 
phates.  ^^^  similar  to  the  sodium  orthophosphates.     By  neutralizing 

orthophosphoric  acid,  H3PO4,  with  ammonium  hydroxide,  we 
may  obtain  either  diammonium  hydrogen  orthophosphate  (NH4)2HP04, 
or  ammonium  dihydrogen  orthophosphate,  (NH4)H2p04,  or  triammonium 
orthophosphate  (NH4)8p04,  according  to  the  proportions  in  which  the 
base  and  the  acid  react.  All  three  salts  may  be  recovered  from  solutiori 
as  hydrous  prismatic  crystals. 

Microcosmic  Sodium  ammonium  hydrogen  orthophosphate,  the  so-called 
Salt.  "microcosmic    salt,"    Na(NH4)HP04,   may    be    prepared 

by  adding  ammonium  chloride  to  a  concentrated  solution  of  diso- 
dium  hydrogen  orthophosphate,  Na2HP04,  and  may  be  recovered 
from  the  solution  as  colorless  prismatic  crystals. 

Na2HP04  -f  NH4CI  =  Na(NH4)HP04  +  NaCI 

The  salt  is  readily  decomposed  by  heating,  with  the  evolution  of  am- 
monia, and  formation  of  sodium  dihydrogen  orthophosphate,  NaHsPOf, 
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which,  upon  further  heating,  evolves  water,  leaving  a  mass  of  polymerized 

sodium  metaphosphate,  which  first  forms  a  colorless  liquid,  and  then 

hardens  into  a  clear  glass. 

Pkosphoroua         Phosphorous  add,  HsPOs,  which,  as  we  have  seen,  maj  be 

^^^^'  made  by  the  action  of  cold  water  upon  phosphorus  trioxide, 

PfOt)  is  best  prepared  by  the  action  of  water  upon  phosphorus 

trichloride,  PClg,  a  compound  of  phosphorus  which  we  shall  stadj 

later 

•  PCls  +  3  H,0  =  H«PO,  +  3  HCl 

By  evaporating  the  resulting  solution  a  thick  sirupy  liquid  is  obtained, 
from  which,  by  evaporation  in  a  vacuum,  the  phosphorous  acid  separates 
as  colorless  crystals,  which  melt  at  70°,  are  readily  soluble  in  water,  and 
are  hygroscopic,  deliquescing  rapidly  in  the  air. 

When  heated,  phosphorous  acid  is  decomposed  with  formation  of 
orthophosphoric  acid  and  phosphorus  trihydride. 

4  H^POs  =  3  HaP04  +  PH. 

CoBstitatioB  When  phosphorous  acid  is  acted  upon  by  sodium  hv- 
of  Phospbor-  droxide,  two  products  of  neutralization  are  formed,  having 
008  Acid,        the  composition  NaHjPOa  and  Na^HPOg. 

NaOH  -f-  HsPO,  =  NaH,PO«  -f-  H^ 
2  NaOH  -I-  HgPOs  =  NaaHPO,  -f-  2  H/) 

One  third  of  the  hydrogen  of  phosphorous  acid  appears  not  to  be  re- 
placed by  the  action  of  the  equivalent  amount  of  sodium  hydroxide. 
So  it  is  obvious  that  we  must  either  suppose  one  third  of  the  hydrogen 
to  be  replaced  with  extreme  difficulty,  or  else  we  must  regard  phos- 
phorous acid  as  actually  a  dibasic  acid,  in  which  one  third  of  the 
hydrogen  is  peculiarly  related  in  the  compound.  Some  light  is  thrown 
upon  this  relation  by  a  study  of  certain  organic  compounds  c(»tain- 
ing  organic  radicals,  oxygen  and  phosphorus.  Two  such  compounds, 
differing  in  properties,  but  having  exactly  the  same  compositioo, 
(C2H3)8P03,  have  been  recognized,  and  have  been  distinguished  from 
each  other  by  assigning  to  them  the  constitutions  represented  by  the 

C2H5— 0\  C2H5— 0\ 

graphic  symbols  CaHg— O— P  and  C2H3— Q— P=0  respectively.    The 

C2H5-O/  QH^ 

hydroxides,  corresponding  to  these  two  compounds  respectively,  would 

H-C\  H-0\ 

have  the  symbols  H-O— P  and  H— O— P=0.      It  is  possible  that 

H-O/  H/ 

both  these  phosphorous  acids  may  exist,  but  since  ordinary  phosphoroos 
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acid  behaves  like  a  dibasic  acid,  it  is  customary  to  regard  the  second 
symbol  as  representing  at  least  the  more  stable  form  of  phosphorous 
acid,  and  to  employ  it  in  representing  the  formation  of  salts  by  the  inter- 
action of  phosphorous  acid  with  bases. 

^^     ,^  By  the  ncMtralization  of  phosphorous  acid  with  bases,  we 

may  get  the  phosphites.     Sodium  hydroxide  acts  upon 
phosphorous  acid,  H3PO4,  to  form  sodium  phosphite,  Na^HPOj, 

2  NaOn  +  VyaHPO,  =  iVa,HPO,  +  a  HjO 

or  sodium  hydrogen  phosphite,  NaHjPOa, 

NaOK  +  ^HjPO,  =  iVSiHjPOa  +  H^ 

according  to  the  proportions  in  which  the  substances  react.  These  salts 
are  white  soluble  solids.  Similar  soluble  and  insoluble  phosphites  of 
other  elements  are  known. 

Phosphorous  acid  is  changed  into  phosphoric  acid  by  atmospheric 
oxygen  and  by  other  oxidizing  agents. 

2  HaPOs  +  O,  =  2  HjPO* 

The  phosphites  are  not  readily  affected  by  oxygen,  but  may  be  oxi- 
dized by  strong  oxidizers,  and  are  able  to  reduce  salts  of  mercury  and 
silver,  setting  the  metals  free. 

ffypophoapiioHo  Hypophosphoric  acid,  H4P2O6,  is  formed  along  with  ortho- 
Acid  and  phosphoric  acid  and  phosphorous  acid  when  phosphorus  is 

yftop  9p  atB»,  j^jjQ^g^  ^Q  oxidize  slowly  in  a  limited  supply  of  moist  air. 
By  adding  sodium  hydroxide  to  the  mixture  of  the  three  acids  thus 
formed,  the  difficultly  soluble  acidic  salt,  disodium  dihydrogen  hypophos- 
phaie,  NajHsPaOe,  separates  out 

2iVJj-0-H-h  =  -faH-O-H 

H-0\'     ^        H-0\'     Q 
^-O/^-^       Na-^O/^-^ 

By  completely  neutralizing  the  hypophosphoric  acid  with  sodium  hy- 
droxide, neutral  sodium  hypophosphate,  Na4P206i  may  be  formed.  By 
adding  a  soluble  lead  salt  to  a  solution  of  a  hypophosphate,  insoluble 
Uad  hypophosphate,  Pb^PaOe,  may  be  precipitated,  from  which  hypo- 
phosphoric acid,  H2P20fl,  may  be  formed  by  the  action  of  hydrogen 
sulphide.  The  acid  thus  obtained  may  be  concentrated  as  a  colorless, 
sirupy  liquid. 
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Hypophosphoric  afcid,  HiPjjOe,  when  warmed  with  water,  or  when 
acted  upon  by  common  acids,  forms  orthophosphoric  acid,  HsP04,  and 
phosphorous  acid,  HsPOs,  by  hydrolysis. 

g-^>P=0  H-0\  H-0\ 


+  H-O-H  =  H-0-P=0  -f  H-O-P=0 

hIo/^=^  H-0/  H/ 

HypophosphorouB       Hxpophosphorous  acid^   H3PO2,   is   a  colorless,  sirapy 

AM  and  liquid,  forming  at  low  temperature  large  white  crystals, 

HypophoBphitBs.     ^j^j^j^  j^^j^  ^^   ^^^o^      ^yjj^jj  ^g  ^^j  ^^^  phosphonis 

with  a  basic  hydroxide  in  the  presence  of  water,  a  hypophosphite  of  the 
characteristic  element  of  the  base  is  formed,  while  phosphorus  trihydride, 
PHa,  is  evolved.  Thus,  when  we  act  upon  phosphorus  with  a  boiling 
solution  of  barium  hydroxide,  Ba(0H)2,  we  get  a  solution  oi barium 
hypophosphite,  Ba(H2P02)8,  and  gaseous  phosphorus  trihydride,  PHj. 

3  Ba(0H)2  +  8  P  +  6  H2O  =  3  Ba(H2P02)2  +  2  PH, 

By  the  action  of  sulphuric  acid  upon  barium  hypophosphite, 
hypophosphorous  acid,  H3PO2,  is  obtained  which,  from  the  composition 
of  its  salts,  appears,  like  phosphorous  acid,  to  be  a  monobasic  acid 

H~P=0  ^^ 

H/ 

Hypophosphorous  acid,  H3PO2,  when  exposed  to  air,  oxidizes  to 
phosphorous  acid, 

H-CK  H-CK 

2        H-P=0  +  0=0  =  2  H-0-P=0 
H/  H/ 

while  chlorine  and  other  strong  oxidizing  agents  change  it  into  ortho- 
phosphoric  acid.  When  heated  hypophosphorous  acid  forms  ortho- 
phosphoric  acid  and  phosphorus  trihydride,  PH3. 

H-0\  H-0\  /H 

2        H-P=0  =  H-0-P=0  -f  P-H 

H/  H-0/  \H 

Phosphorus  forms  binary  compounds  with  hydrogen,  ckb- 

phoBphoruB       rinc,  and  with  some  metals.     The  phosphorus  hydrides  mJ- 

ompoun  B.       ^^  made  by  the  action  of  reagents  upon  phosphorus^  and  ahc 
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by  the  decomposition  of  suitable  phosphorus  compounds  under  proper 
conditions, 

^  Phosphorus  trihydride,  or  phosphine^  PH3,  may  be  made 

P^H  by  the  action  of  nascent  hydrogen  upon  phosphorus. 

2  P  +  3  H2  =  2  PHs 

In  order  to  secure  this  combination  of  the  hydrogen  with  phosphorus, 
it  is  necessary  to  evolve  the  hydrogen  in  the  presence  of  phosphorus,  as, 
for  example,  by  gently  warming  dilute  sulphuric  acid  with  zinc  and 
phosphorus. 

2  P  +  3  HsS04  +  3Zn  =  2  PH3  +  3ZnS04 

The  phosphorus  trihydride  may  be  made  to  better  advantage,  how- 
ever, by  heating  phosphorus  with  a  concentrated  solution  of  an  alkali 
hydroxide,  such  as  sodium  hydroxide,  when  sodium  hypophosphite, 
NaHgPOj,  is  forme'd  in  the  solution,  and  the  gaseous  phosphorus  trihy- 
dride, PH3,  mixed  with  some  hydrogen  and  small  amounts  of  another 
hydride  of  phosphorus  having  the  composition  P2H4,  is  evolved. 

3NaOH  H-  4P  -f  3  H2O  =  3NaH2P02  +  PH, 

We  have  already  seen  that  a  similar  action  takes  place  when  barium 
hydroxide,  phosphorus,  and  water  interact. 

The  substance  P2H4  is  spontaneously  inflammable,  and  causes  the 
mixture  to  burst  into  flame  upon  coming  into  contact  with  the  air. 
When,  however,  the  mixture  is  conducted  through  a  cooled  tube,  or 
through  alcohol  or  ether,  the  inflammable  compound  is  condensed  to  a 
liquid,  and  the  phosphorus  trihydride  thus  purifled  does  not  inflame 
when  brought  into  the  air. 

Phosphorus  trihydride  may  be  safely  prepared  by  nearly  filling  a  small 
flask  with  a  concentrated  solution  of  sodium  hydroxide,  adding  a  few 
bits  of  yellow  phosphorus,  and  a  little  ether.  The  neck  of  the  flask  is 
then  tightly  fitted  with  a  cork,  containing  a  delivery  tube,  dipping  under 
water,  which  is  kept  warm  to  melt  any  bits  of  phosphorus  which  may  be 
carried  over  into  the  tube  mechanically.  Gentle  heating  volatilizes  the 
ether  and  displaces  the  air,  and  then  evolves  the  impure  phosphine,  which 
spontaneously  inflames  as  it  reaches  the  air,  forming  a  succession  of 
white  cloud  rings  of  finely  divided  phosphorus  pentoxide. 

Phosphorus  trihydride  may  also  be  made  by  the  decomposition  of  suit- 
able phosphorus  compounds.     When  a  piece  of  calcium  phosphide, 
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Ca«Ps,  ot  CdjPs,  is  thrown  into  water,  the  gaseous  phosphine,  PH,,  to- 
gether with  smaller  quantities  of  the  other  phosphorus  hydrides,  are 
formed  by  hydrolysis,  and  the  same  compounds  may  be  formed  by  the 
actiotl  of  hydrochloric  acid  upon  the  calcium  phosphides. 

Ca^P,  -f-  6  H2O  =  2  PH,  +  3  Ca(OH), 
Ca^Pj  +  6  HCl  =  2  PHs  -f  3  CaCl, 

When  phosphorous  acid,  HaPOj,  or  hypophosphorous  acid, 
HfiPOs,  are  heated,  phosphorus  trihydride  is  formed,  as  we  have  already 

'^^''-  4  HsPOa  =  PH.  +  3  H.PO4 

2  H3PO2  =  PH3  +  HaP04 

Phosphorus  trihydride  is  a  colorless  gaS|  of  specific  gravity  34X>3, 
of  characteristic  garlic-like  odor,  insoluble  in  water,  slightly  soluble  in 
alcohol.  It  may  be  liquefied  at  —  85**,  and  solidified  at  —  133.5%  under 
ordinary  pressure.  It  is  extremely  poisonous.  It  does  not  combine 
with  oxygen  under  ordinary  pressure,  but  if  the  pressure  of  a  mixture 
of  the  gas  and  oxygen  be  suddenly  lowered,  an  explosion  occurs. 

The  liquid  hydride  of  phosphorus,  Pj,H4,  formed  in  small  quantities 
with  phosphorus  trihydride,  when  the  latter  is  made  by  acting  upon 
sodium  hydroxide  with  phosphorus,  is  colorless,  of  specific  gram 
1. 01 2,  boiling  at  57%  insoluble  in  water.  It  inflames  spontaneously  in 
air,  burning  with  brilliancy.     A  yellow  solid,  PiHt,  is  also  known. 

When  heated  to  100°  with  oxygen  or  air,  phosphorus  trihy- 
dride, PH3,  bums  with  a  bright  flame,  forming  water  and  white  doads 
of  phosphorus  pentoxide,  P2O5* 

2  PHg  +  4  O2  =  PA  +  3  tt,0 

It  explodes  violently  when  brought  into  contact  with  chlorinCi  fonmng 
phosphorus  trichloride,  PCI3,  and  hydrogen  chloride. 

PH3  +  3  CI2  =  PCI3  +  3  HCl 

Phosphorus  trihydride  combines  with  hydrochloric  acid,  at 
very  low  temperature  or  at  high  pressure,  to  form  phosphonium  chloridi^ 
PH4CI1  a  compound  in  which  the  group  PH4  is  a  positive  ioiu 

P-H  +  H-Cl  »  h/^~^ 


\H-  «^ 
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Phosphoniutn  iodide,  PH4I,  is  also  known,  and  is  more  easily  prepared 
than  the  corresponding  chloride. 

-J  Phosphorus  trichloride  and  phosphorus  pentachloride  may 

P^^l        be  made  by  the  direct  combination  of  phosphorus  with  chlorine. 

When  a  stream  of  dry  chlorine  is  passed  through  a 

quantity  of  phosphorus,  heated  in  a  retort,  phosphorus  trichloride, 

PClj,  distills  over,  and  may  be  condensed  to  a  (hobile  colorless  liquid, 

of  specific  gravity  1.6 13  at  o®,  solidifying  at  —  112**,  boiling  at  76**. 

2  P  -f  3  CI,  =  2  PCls 

Phosphorus  trichloride  has  a  characteristic  pungent  odor,  and  fumes 
strongly  in  air.  It  is  readily  hydrolyzed,  with  the  formation  of  phos- 
phorous acid,  HjPO^  and  hydrochloric  acid,  HCl, 

/CI  H-0\ 

P-Cl  +  3  H-O-H  =  H-0-P=0  +  3  H-Cl 
\C1  H/ 

When  Zn  stream  of  dry  chlorine  is  brought  in  contact 
with  phosphorus  trichloride,  PCI3,  kept  cool  by  water, 
phosphorus  pentachloride ,  PCI5,  is  formed  as  a  yellowish 
white  crystalline  solid,  fuming  strongly  in  the  air. 

/CI  /^l 

P-Cl  +  Cl-Cl  =  P-Cl 

\ci  SNci 

\ci 

It  sublimes,  without  melting,  when  gently  heated,  partially  dissociating 
into  phosphorus  trichloride  and  chlorine. 

When  exposed  to  moist  air,  phosphorus  pentachloride,  PCI5, 
is  hydrolyzed,  forming  phosphorus  oxychloride,  POClj,  a  colorless  li(|uid 
at  ordinary  temperatures, 

P-Cl  +  H-O-H  =  P<J^  +  2  H-a 

>Nci  <:^g 

Vi  ^' 

which  will  act  enetgetically  upon  more  water,  forming  metaphosphoric 
•ci4,  HPO„ 

N 
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/O 

p/^J  +  2  H-O-H  =  H-O-P^  +  3  H-a 

\ci 

or  orthophosphoric  acid,  HjP04, 


<^1  "-^ 

P<r   +  3  H-O-H  =  H-0-P=:0  +  sH-Q 

vN'-i  H-0/ 


according  to  the  proportions  of  the  reacting  substances  and  conditions 
of  temperature. 

Phosphorus  pentachloride,  PClj,  will  act  upon  the  excess  of 
water,  forming  either  metaphosphoric  acid,  HPOj,  or  orthophosphoric 
acid,  H3PO4,  according  to  the  conditions. 

/ci 

K^Cl  +  3  H-O-H  =  H-O-P^  +  5  H-a 


\ 


CI 

1 

CI  H-0\ 

CI  +  4  H-O-H  =  H-0-P=0  -f  5  H-Cl 
N\C1  H-0/ 

\ci 

When  we  act  upon  orthophosphorous  acid,  H3PO5,  with  phos- 
phorus pentachloride,  PCla,  we  get  phosphorus  trichloride,  PClj, 
phosphorus  oxychloride,  POClg,  and  hydrochloric  acid,  HCL 

HsPOs+S  PCI5  =  PCI8+3  POCI3+3  HCl 

Phosphorus  pentachloride  acts  similarly  upon  other  oxides  and  hydrox- 
ides, replacing  oxygen  or  hydroxyl  by  chlorine.  Thus,  with  sulphur 
trioxide,  SO3,  it  forms  sulphury  I  chloride^  SO2CI2, 

SOs  +  PCI5  =  S0,Cl2  +  POCl, 

and  with  sulphuric  acid  it  forms  chlorsulphonic  acidy  HClSOj. 

H^4  +  PC1«  =  HCISO3  -h  POCI3  -I-  HCl 

On  account  of  this  peculiar  action  in  substituting  chlorine  for  oxygen 
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or  for  hydroxyl,  phosphorus  pentachloride  finds  use  in  the  synthesis  of 
many  carbon  compounds. 

Phosphorus  trifluoride,  PF3,  phosphorus  pentafluoride^  PF,,  colorless 
gases  ;  phosphorus  tribromide^  PBrg,  a'colorless  liquid  ;  phosphorus  penfa- 
bromide^  PBr^,  a  yellow  solid  ;  and  phosphorus  iriiodide,  PI3,  a  red  solid, 
are  among  the  other  binary  compounds  of  phosphorus  which  are  in  many 
respects  similar  to  the  phosphorus  chlorides.  A  number  of  solid  sul- 
phides of  phosphorus,  the  most  important  of  which  are  phosphorus  tri- 
sulphide,  PjjSa,  and  phosphorus  pentasulphidey  P2S5,  may  be  formed  by 
heating  together  phosphorus  and  sulphur.  Certain  compounds  of  phos- 
phorus with  metals,  known  as  phosphides,  such  as  the  two  calcium  phos- 
phides, CagPa  and  CagPj,  may  be  prepared  by  the  action  of  phosphorus 
upon  metals  or  their  compounds. 

We  note  in  regard  to  the  phosphorus  compounds  that  phos- 
phorus pentoxide  and  phosphorus  trioxide  are  white  solids, 
soluble  in  water  with  formation  of  colorless  phosphoric  acid  or  phospho- 
rous acid,  Orthophosphoric  acid  may  be  decomposed  by  heat,  forming 
pyrophosphoric  acid  or  metaphosphoric  acid ;  orthophosphoric  acid  and 
pyrophosphoric  acid  will fortn  neutral  and  acidic  salts,  and  metaphosphoric 
acid  will  form  neutral  salts  ;  the  orthophosphates  may  be  decomposed  by 
heating,  forming  pyrophosphates  or  metaphosphates.  The  phosphates  of 
the  alkali  elements  are  white  solids, ^soluble  in  water;  some  phosphates 
are  insoluble,  and  some  are  colored. 

Hypo  phosphoric  acid  may  be  made  by  oxidizing  phosphorus,  while 
hypophosphorous  acid  is  made  from  the  salt  obtained  by  acting  upon  a 
basic  hydroxide  with  phosphorus  ;  both  of  these  acids  form  salts. 

The  binary  compounds  of  phosphorus,  the  gaseous  phosphorus  tri- 
hydride,  the  liquid  phosphorus  trichloride,  and  the  solid  phosphorus 
pentachloride  may  be  made  by  acting  upon  phosphorus  with  suitable  re- 
agents. Phosphorus  trihydride  is  inflammable  ;  the  phosphorus  chlorides 
are  active  chemically,  forming  with  water  phosphorus  oxy chloride  and 
one  or  more  of  the  phosphorus  acids.  Chlorides^  bromides,  iodides,  and 
sulphide  of  phosphorus  cts  well  as  the  phosphides  of  various  metals  are 
also  known. 

Manufacture         Aftcf  ouf  Study  of  phosphorus  compounds,  the  processes 
ofPhoaphorut.   ^^^  ^^^  manufacture  of  phosphorus  may  be  more  readily 
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understood.  There  are  two  methods  for  preparing  phosphorus  from  the 
native  tricalcium  orthophosphate  found  in  phosphatic  rocks,  and  booci 
First  According  to  the  first  method,  the  insoluble  calciuci 

Hetbod.  orthophosphate,  Ca^C PO4 ) s,  rock  phosphate^  or  hu  oiK 
is  warmed  with  two  thirds  of  its  weight  of  concentrated  sulphuricaciu, 
by  which  it  is  changed  into  the  readily  soluble  calcium  hydrogen  orthc- 
phosphate,  CaH4(P04)a,  which  is  removed  from  the  moderately  solube 
calcium  sulphate,  formed  at  the  same  time,  by  washing  with  hot  water. 

CaaCPOOj  +  2  H:jS04  =  CaH4(P04)5,  +  2  CaS04 

The  solution  of  calcium  hydrogen  orthophosphate  is  evaporated  in  lead 
pans,  mixed  thoroughly  with  powdered  charcoal,  dried  over  a  direc: 
fire,  and  finally  heated  to  redness  in  earthenware  retorts  placed  in  i 
furnace.  The  first  heating  changes  the  acidic  phosphate  into  calcium 
metaphosphate,  Ca(P03)2,  which  is  subsequently  reduced  by  the  actio  1 
of  the  charcoal,  a  residue  of  calcium  orthophosphate  being  formed,  whilf 
the  phosphorus  vapor  is  distilled  and  condensed  in  closed  vessels,  ihe 
carbon  monoxide  being  allowed  to  escape. 

CaH4(P04)2  =  Ca(P03),  +  2  HjO 

3  Ca(POa),  +  10  C  =  4  P  +  Ca8(P04),  +  10  CO 

A  larger  yield  of  phosphorus  may  be  obtained  by  adding  a  quantity 
of  sand  to  the  mixture  and  then  heating  in  an  electric  furnace,  vbec 
a  complete  decomposition  of  the  calcium  %etaphosphate,  Ca(PO,i, 
results,  a  residue  of  calcium  metaSilicate,  CaSiOa,  being  formed,  while 
phosphorus  and  carbon  monoxide  are  set  free, 

Ca(P08)2  +  50  +  SiOj  =  2  P  +  CaSiO,  +  5  CO 

sjecond  According  to  a  second  method,  the  insoluble  calcioi 

Method.  orthophosphate  may  be  treated  with  an  excess  of  dibtf 
sulphuric  acid,  orthophosphoric  acid,  HsP04,  and  calcium  sulphate. 
CaS04,  being  slowly  formed. 

Ca3(P04)2  +  3  H2SO4  =  2  H3PO4  +  3  CaSO* 

The  calcium  sulphate  which  is  precipitated  in  the  reaction  is  reiBO«<| 
by  filtration,  and  the  remaining  phosphoric  acid  solution  is  concentiatfC 
by  heating  in  lead  tanks,  when  more  of  the  calcium  sulphate  is  deposiii^" 
as  a  residue,  from  which  the  acid  may  be  decanted.  The  concentiatei 
solution  of  phosphoric  acid  is  mixed  with  carbon  (charcoal,  coke,  saw- 
dust) in  iron  pots,  dried  over  a  fire,  and  finally  heated  to  incandescemc 
for  many  hours  in  earthenware  retorts  in  a  furnace.  The  phosphorj^ 
vapor,  containing  impurities,  passes  through  earthenware  pipes  ict: 
water,  where  the  phosphorus  is  condensed. 
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The  heating  first  changes  the  orthophosphoric  acid,  HjPOi,  into 
metaphosphoric  acid,  HPO3,  Which  becomes  subsequently  reduced  by 
the  carbon  with  the  formation  of  phosphorus  and  a  mixture  of  hydro- 
gen and  carbon  monoxide,  CO. 

H3PO4  =  HPO,  +  HjO 
2  HPOa  +6C=:2P  +  6CO  +  H 


s 


Arsenic^  As,  75.0 

Anaoie  Arsenic  is   found   both   free  and  in  combination,  and 

Orest  usually  in  association  with  the  minerals  of  other  elements 

in  veins  of  crystalline  rocks.  Besides  the  native  arsenic,  the  most  inl- 
portant  arsenic  minerals  are  the  double  sulphide  of  arsenic  and  iron, 
misptckel,  FeAsS,  and  the  oxide,  arsenolite,  AS2O3.  Other  arsenic 
minerals  are  realgar,  AsgSj,  and  orpiment,  As^Sa. 

Free  arsenic  may  be  obtained  from  mispickel,  FeAsS,  by  roasting  the 
ore  with  iron  in  earthenware  retorts  connected  with  receivers  in  which 
the  vaporized  arsenic  condenses  as  a  solid  sublimate,  while  a  residue 
of  ferrous  sulphide,  FeS,  remains  in  the  retort. 

2  FeAsS  =  2  As  -f  2  FeS 

From  the  arsenoliie,  As^Og,  the  arsenic  may  be  obtained  by  heating 
with  powdered  charcoal,  when  carbon  monoxide,  CO,  is  formed  and  a 
residue  of  arsenic  is  left  behind. 

AsjOs  +3C  =  2As-f-3CO 

Aliotropic  Arsenic  exists  in  two  allotropic  modifications  —  a  black, 

Poniis  of  nearly  lustetless,  amorphous  solid  of  specific  gravity  4.71, 
Axsanie.  ^^^  ^  gray- white  hexagonal  crystals  of  specific  gravity  5.73, 
which  are  brittle  and  readily  powdered.  When  the  crystalline  arsenic 
is  heated  in  a  glass  tube  in  a  current  of  hydrogen,  it  forms  a  sublimate 
of  the  amorphous  arsenic,  which  may  be  changed  into  the  crystalline 
form  by  heating  out  of  contact  with  oxygen  to  360**.  Arsenic  can  be 
melted  by  heating  it  to  500**  under  pressure  in  a  sealed  tube.  When 
heated  under  ordinary  pressure,  it  forms  at  450°  a  yellow  vapor  having 
a  characteristic  garlic-like  odor.  Arsenic  remains  unaltered  in  dry  air, 
but  becomes  tarnished  in  moist  air,  and  when  heated  to  180**  in  air  or 
oxygen,  bums  with  a  bluish  light,  forming  arsenic  trioxide.      tt  will 


A 
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combine  directly  with  most  of  the  elements,  forming  binary  compounds. 
It  is  slowiy  acted  upon  by  nitric  acid.  It  is  alloyed  with  lead  in  shot, 
and  is  used  in  making  fireworks. 

The  determination  of  the  specific  gravity  of  arsenic  vapor  has  thrown 
light  upon  the  behavior  of  arsenic  at  high  temperature.  Thus,  at  860' 
arsenic  vapor  has  a  specific  gravity  of  nearly  300,  corresponding  to  the 
molecular  symbol  AS4,  while  at  1 736°  the  specific  gravity  is  a  little  alxne 
150,  which  corresponds  to  the  symbol  Asj.  Evidently  the  molecule>o: 
arsenic,  which  at  ordinary  temperature  consist  of  four  atoms,  arc  2: 
high  temperature  dissociated  into  molecules  containing  two  atoms  each. 

Oxidet  and  From  arsenic  may  be  prepared  the  tiuo  oxides  and  tki 

Hydroxtdea.      several  hydroxides  of  arsenic.     Thus  we  have  : 

Oxides  Hydroxides 

Arsenic  trioxide,  AssOg  or  As40e         Arsenious  acid,  H^AsOj* 

[Metarsenious  acid,  HAsOJ  t 

Arsenic  pentoxide,  AsgOf  Orthoarsenic  acid,  HjAsOi 

Pyroarsenic  acid,  H4ASJO7 
Metarsenic  acid,  HAsOj 

*  Known  in  solution  only.  f  Unknown,  but  represented  by  salts. 

• 

The  lower  oxide,  arsenic  trioxide,  AS2O3  or  As40e  according  to  tem- 
perature, is  formed  when  arsenic  is  heated  in  oxygen  or  air,  and  it-* 
solution  in  water  we  may  call  arsenious  acid,  HsAsOj,  although  such  i 
compound  cannot  be  prepared  in  free  condition.  Arsenic  pentoxide, 
AsaOfi,  may  be  formed  by  gentle  ignition  of  the  hydroxide  formed  by  tre 
action  of  oxidizing  agents  upon  either  arsenic  or  the  lower  oxide,  a^- 
from  it  may  be  formed  orthoarsenic  acid,  HsAs04,  which,  when  hcate«L 
will  give  the  two  oxyacids,  pyroarsenic  acid,  H4AS2O7.  and  metar^'x 
acid,  HAsOg.  The  two  arsenic  oxides  are  anhydrides,  since  thejwi- 
combine  with  water  to  form  the  corresponding  acidic  hydroxides. 
Arsenic  Arsenic  trioxide,  or  arsenious  oxide^  AsjO^,  or  As40«  (white 

Trioxide.  arsenic),  occurs  in  nature  as  the  mineral  arsenohte.  It  -* 
formed  when  arsenic  burns  in  oxygen  or  air. 

As=0 

4As  +  30=0  =  2      V) 

As^O 

Arsenic  trioxide  exists  as  an  amorphous  transparent  glassy  mass  «^t 
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specific  gravity  3.74,  and  as  opaque  crystals  of  two  varieties.  The 
amorphous  oxide  gradually  changes  into  a  crystalline  variety,  while  the 
crystalline  forms  may  be  changed  into  the  glassy  form  by  heating. 
Arsenic  trioxide  may  be  melted  by  heating  under  high  pressure ;  when 
heated  to  218°  under  ordinary  pressure  it  forms  a  vapor,  which,  when 
cooled,  condenses  into  a  crystalline  sublimate.  Arsenic  trioxide  is 
slightly  soluble  in  water,  is  readily  acted  upon  by  bases  and  acids  and 
by  solutions  of  alkali  carbonates. 

Arsenic  trioxide  is  exceedingly  poisonous.  It  acts  as  an  irritant 
poison,  although  those  who  are  accustomed  to  taking  it  are  able  to 
withstand  successive  doses  in  increasingly  large  amounts.  Freshly  pre- 
cipitated ferric  hydroxide,  which  makes  an  insoluble  compound  with 
arsenic  trioxide,  is  employed  as  an  antidote  against  arsenic  poisoning. 
Areenic  trioxide  is  made  in  large  quantities  by  roasting  arsenic  ores,  and 
is  used  in  making  pigments  and  glass,  and  various  substances  used  as 
poisons. 

The  solution  of  arsenic  trioxide,  AS2O3,  in  water,  acts  like  a  tribasic 
acid,  so  we  call  it  arsenious  acid^  HgAsOa,  expressed  graphically  by  the 

^>'"^^^  H-0\ 

H-0— As 
H~0/ 

The  specific  gravity  of  arsenic  trioxide  vapor  at  temperatures  between 
500°  and  700°  is  nearly  396,  corresponding  to  the  molecular  symbol 
AS4O6,  while  above  1800°  the  observed  specific  gravity  of  nearly  198  points 
to  the  complete  dissociation  of  the  vapor  into  molecules  having  the 
symbol  AsjO,,.  We  may  represent  the  constitution  of  both  the  dissociated 
and  the  undissociated  arsenic  trioxide  graphically,  by  symbols  similar  to 
those  employed  to  represent  phosphorus  trioxide. 

Arsenic  Arsenic  pentoxidCy  AsjOj,  formed  by  heating  arsenic  acid, 

Pcntoxide.  js  a  white  solid,  of  specific  gravity  3.7,  very  slowly  soluble 
in  water,  and  deliquescent  in  moist  air. 

Arsenic  pentoxide  combines  with  water  to  form  soluble  orthoarsenic 
acid,  H3ASO4. 

H-0\ 
0  +  3  H-O-H  =  2  H-0-As=0 
^O  H-0/ 

sO 


ak; 
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Antntoua  Arsemous  acid  reacts  with  bases,  forming  the  arsenita.  in 

Acid  and  >  ^  *  i 

AraenitM.         which  arscnic  is  a  constituent  of  the  negative  ion.    When 
arsenious    acid,   HsAsOs,   is   acted  upon    by   sodium 
j^^lZo^^g     hydroxide  in  suitable   proportions^   the  neutral  sodiu% 
Jfo^-iy  arsenite,  NagAsOs,  is  formed, 

3  NaOK  +  -^sAsOg  =  Na^k^O^  +  3  HjO 

With  other  proportions  of  the  reacting  substances,  the  acidic  salts. 
disodium  hydrogen  arsenite,  Na^HAsOj, 

2  NaO}^  +  ^jHAsOs  =  Na^MQ^  +  2  H,0 

and  sodium  dihydrogen  arsenite,  NaH2As03,  may  be  obtained. 

NaOK  +  ^HjAsOa  =  iVbHjAsOs  +  H,0 

When  the  sodium  dihydrogen  arsenite,  NaHjAsOj,  is  heated,  ow 
equivalent  of  water  is  removed,  and  a  residue  of  sodium  metarsfnik, 
NaAsOs)  corresponding  to  an  unknown  metarsenious  acid,  reouiQs 
behind. 

NaHjAsOs  =  NaAsO,  +  HjO 

Potassium  hydroxide  reacts  similarly  with  arsenious  acid  to  fore 
neutral  and  acidic  arsenites,  and  by  ignition  of  the  potassium  dihydiogei; 
arsenite  a  potassium  metarsenite  may  be  obtained,  The  alkali  arsenites 
are  generally  white,  soluble  in  water,  and  extremely  poisonous.  A  soic- 
tion  of  the  two  acidic  potassium  arsenites  is  a  mixture  known  in  roedicioe 
as  Fowler's  solution. 

Insoluble  Certain  arsenites  are  insoluble  and  may  be  produced  «?■ 

characteristic  precipitates,     A  soluble  calcium  salt,  such  5« 


^•C;- 


calcium  chloride,  CaClj,  produces  in  a  solution  of  a  sol- 
'As 
y^/        ble  arsenite,  such  as  sodium  arsenite,  Na^AsOa,  a  whitr 

^"\0v  precipitate  of  calcium  arsenite^  Cas(As08)2y  which  may  tfc 

'0— As     acted  upon  by  acids. 


< 


0/ 


2  NagAsOj  +  3  CaClj  =  Ca8(As08)2  -f-  6  NaCl 

Silver  nitrate,  AgNOg,  and  other  soluble  silver  saltv 
-iflr— o-^As    will  precipitate  yellow  silver  ar,senite,  AggAsOa,  frona  a  sol- 
^  tion  of  sodium  arsenite,  Na^AsOs,  or  other  soluble  arseniicj 

NagAsO,  +  3  AgNOj  =  AgsAsO,  +  3  NaNO, 


Ag—0\^ 
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cu^^\  When  we  add  a  solution  of  cupric  sulphate,  CUSO4, 

^y^*    or  other  soluble  cupric  salt,  to  a  solution  of   sodium 

arsenite  or  other  soluble  arsenite,  we  get  a  grass-green 

precipitate  of  copper  hydrogen  arsenite^  CuHAsOgy  which  may  be  acted 

upon  by  alkali  hytlroxides  and  by  acids. 

NaaHAsOs  +  CuSO*  =  CuHAsO,  +  Na^SO* 

This  is  Seheele'sgreefiy  used  as  a  pigment.  Paris  green  or  Emerald green^ 
used  largely  as  a  poison,  is  a  compound  of  cupric  arsenite  and  cupric 
acetate. 

When  arsenious  acid,  or  a  solution  of  sodium  arsenite,  or  other 
soluble  arsenite,  is  added  to  freshly  precipitated  ferric  hydroxide, 
Fe(OH)s,  held  in  suspension  in  water,  a 'dark  red  precipitate  of  an 
insoluble  hdisic  ferric  arsenite ,  resembling  the  ferric  hydroxide  in  appear- 
ance, is  formed.  Upon  the  insolubility  and  inertness  of  this  substance 
depends  the  use  of  freshly  precipitated  ferric  hydroxide  as  an  antidote 
against  arsenic  poisoning. 

By  the  action  upon  arsenic  trioxide  of  oxidizing  agents 

arsenic  acid  is  formed.     When  arsenic  trioxide,  As^Os,  is 

acted  upon  by  nitric  acid,  diluted  with  one  third  its  volume  of  water 

and  warmed,  nitrogen  trioxide,  N^Oa,  passes  off,  and  orthoarsenic  acid^ 

HsAsOf,  remains  in  solution. 

As=0  H-0\  N==0 

>0  -f-  2  H-O-NO2  +  2  H-O-H  =  2  H-0--As=0  +      >0 

As^O  H^O/  N^O 

By  evaporating  the  solution  thus  obtained,  crystals  may  be  recovered 

which  have  the  composition  (H8As04)i  •  H2O,  are  soluble  in  water,  melt 

at  100°,  and  effloresce  at  ordinary  temperature,  becoming  the  anhydrous 

H8ASO4. 

Oxyarsenic  When  orthoarsenic  acid,  H8ASO4,  is  heated  to  140-180® 

Ac*^»-  it  forms  pyroarsenic  acid,  H4AS2O7,  water  being  evolved. 

2lo>^«=^  2  H3ASO4  =  H4AS2O,  +  H,0 

0 
^__0^  J  _Q  When  pyroarsenic  acid  is  heated  to  200*  water  is  evolved, 

*^^  and  metarsenic  acid,  HAsOs,  remains. 


'-»-< 


H^AsA  =  2  HAsO«  +  HaO 
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When  metarsenic  acid  is  heated  to  redness,  water  is  evolved,  and 
a  glassy  mass  of  arsenic  pentoxide^  AsjO^,  remains, 

H-Oi-A<g       Kg 

r-'       Jo=    >0  +  H-O-H 

H-iO-As<g       A^O 

and  arsenic  pentoxide,  when  strongly  heated,  evolves  oxygen,  leav- 
ing a  residue  of  arsenic  trioxide,  AsjOs. 


^   ^;0       As=0 

jO  =     >o  +  0=0 

As  has-been  shown,  arsenic  pentoxide  decomposes  when  heated,  formi!i; 
arsenic  trioxide  and  oxygen.  It  may  be  reduced  to  arsenic  by  hear.:.: 
with  charcoal  or  some  other  reducing  agent. 

Interaction  of  Orthoarsenic  acid  neutralizes  bases  to  form  ortkoanf- 
Arsenic  Acids  nates ^  salts  richer  in  oxygen  than  the  arseniteSy  and  :' 
with  Bases.      ^^^r,^   arsenic   is   in   the   negative   ion.      When  wc  ad: 

sodium  hydroxide  to  a  solution  of  orthoarsenic  acid,  HjA^^V 
JVa— Ov  ^^  "^^y  obtain  from  the  solution  either  sodium  arthocnc 

JVa-o^As=0  nate,  Na8As04, 

3  NaOn  +  ^3As04  =  Na^ksO^  +  3  HjO 
or  disodium  hydrogen  orthoarsenate,  Na2HAs04, 

2  NaOn  +  ^2HAs04  =  Na^YLksO^  +  2  H,0 
or  sodium  dihydrogen  orthoarsenate,  NaH2As04, 

NaOYL  +  J7H2ASO4  =  ^^iH2As04  +  Hj^O 

according  to  the  proportions  in  which  the  substances  react 

Potassium  or thoarse nates  may  be  prepared  similarly.    The  alkali  ar*^ 
nates  are  white  soluble  salts.     Sodium  orthoarsenate  is  used  in  ca.A- 
printing. 

Oxidation  of  Orthoar senates  may  also  be  formed  by  the  cuHon  ofor^^ 
Arsenites.  ing  agents  upon  arsenites.  Thus,  when  chlorine  acts  ll^*■ 
sodium  arsenite,  NagAsOg,  in  presence  of  sodium  hydroxide,^ 
sodium  carbonate,  sodium  orthoarsenate^  Na3As04,  is  formed. 
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Na^AsOs  -f .  2  NaOH  +  Clj  =  Na3As04  +  2  NaCl  -f  H,0 

NagAsOa  +  NajCOs  -f  CI2  =  Na3As04  +  2  NaCl  +  CO, 

A  similar  action  will   take  place  between  an  acidic  arsenite,  such  as 

■ 

sodium  dihydrogen  arsenite,  NaHjAsOs,  and  chlorine,  in  the 
presence  of  the  sodium  hydrogen  carbonate,  the  acidic  sodium 
dihydrogen  orthoarsenate^  NaH2As04,  being  formed  in  this  case. 

NaH2As03+  2  NaHCOa  +  Cl,.=  NaH2As04  +  2  NaCl  +  H^O  +  2  CO, 

With  the  corresponding  salts  of  potassium  and  other  elements  similar 
reactions  may  be  brought  about.  Iodine  and  similar  elements,  and 
sodium  hypochlorite,  NaOCl,  and  like  compounds,  will  exert  a  similar 
oxidizing  action  upon  arsenites  in  alkaline  solution. 

The  acidic  orthoarsenates  may  be  decomposed  by  heatingy 

with   ike  formation   of   pyroarsenaies   and  metarsenates, 

oxysalts  corresponding  to  pyroarsenic  acid  and  metarsenic  acid  respec- 

tiveiy.     When  disodium  hydrogen  orthoarsenate,   Na2HAs04,  is 

carefully  heated,  it  loses  water,  forming  sodium  pyroarsenate^  Na4Asg07, 

;^""S>At=0  2  Na2HAs04  =  Na4As.A  +  H^O 

^  and  by  heating  sodium  dihydrogen  orthoarsenate, 

_y"Zo>A*-~^     NaH2As04,  sodium  metarsenate,  NaAsOs,  is  formed  in 

similar  manner. 


A'o-o^AiKv  ^  NaH2As04  =  NaAsOj  +  HgO 

Both  the  sodium  pyroarsenate  and  the  sodium  metarsenate,  however, 
when  dissolved  in  water,  form  at  once  sodium  orthoarsenate. 
.     .  . .  Arsenates  of  some  elements  are  insoluble^  and  may  be 

Arsenates.  formed  as  characteristic  precipitates.     When  to  a  solu- 

<0v  tion  of  an  arsenate,  such  as  sodium  orthoarsenate, 

0— As-0    Na3As04,  an  excess  of  a  soluble  calcium  salt,  such  as 
co/?^  calcium   chloride,  is   added,  a  precipitate   of  white 


< 


0    Ao-0     calcium  orthoarsenate ^  Ca3(As04)2,  is  formed. 
^^  2  Na3As04  -h  3  CaClj  =  Ca3(A804)2  +  6  NaCI 


When  calcium  chloride  is  added  to  a  solution  of  an  acidic  arsenate, 
such  as  disodium  hydrogen  orthoarsenate,  Na2HAs04,  a  white 
precipitate    of    calcium    hydrogen    orthoarsenate,    CaHAs04,   may  be 

obtamed.         Na,HAs04  +  CaCl,  =  CaHA804  +  2  NaCl 
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^a— <K  ^y  ^^^  addition  of  silver  nitrate,  AgNOji  or  some 

uijF— o-^a=0  other  soluble  silver  salt,  to  a  solution  of  orthoarsenic 
^  acid,  H3ASO4,  or  of  an  arsenate,  such  as  sodium  arse- 

nate, Na8As04,  reddish  brown  silver  orihoarsenate^  Ag5As04,  readily 
acted  upon  by  excess  of  dilute  nitric  acid  and  by  ammonium  hydroxide, 
is  precipitated. 

H8ASO4  +  3  AgNOs  =  Ag3A804  +  3  HNOs 

Na3As04  +  3  AgNOa  =  AggAsO*  +  3  NaNO, 

-.  When  to  a  solution  of  orthoarsenic  acid,  HjAsO,, 

^^0^A8=0  containing   ammonium   chloride,   NH4CI,  or  some 

*^*"  other  ammonium  salt,  and  ammonium  hydroxide  in 

sufficient  amount,  we  add  a  soluble  salt  of  magnesium,  such  as  magn^ 

sium  sulphate,  MgS04,  ^  finely  crystalline  white  precipitate  ofmapu- 

stum  ammonium  orthoarsenate,  Mg(NH4)As04,  is  formed. 

H»As04  +  MgSO*  +  3  NH4OH  = 

Mg(NH4)A804  +  (NH4)8S04  +  3  H/) 

The  presence  of  the  ammonium  salt  prevents  the  precipitation  of  mag- 
nesium hydroxide.  Various  other  insoluble  arsenates,  beside  those  that 
have  been  described,  may  be  prepared. 

Orthoarsenic  acid  and  the  orthoarsenates  may  he  acUi 

Orthoaraenic   ^P^^  ^^  ^^^^  reducing  agents,  ^^^^g  thereby  changed  into 

Acid  and         arsenious  acid  and  ar seniles  respectively.     When  orthoar- 

OithoazBen-     ggj^j^,  acid,  H8ASO4,  is  acted  upon  by  sulphurous  acid, 

HjSOa,  arsenious  acid,  HgAsOs,  ^i^d  sulphuric  acid  are  formed. 

H8As04  +  HjSOa  ==  HaAsO,  +  Hj304 

When  orthoarsenic  acid  is  acted  upon  by  hydriodic  acid,  HI, 
arsenious  acid,  H^AsOs,  is  formed  and  iodine  is  set  free. 

H8ASO4  -f  2  HI  =  HaAsOa  -f  H/)  +  Ij 

Similarly,  hydrobromic  acid,  HBr,  reduces  orthoarsenic  acid, 
HgAsOi,  to  arsenious  acid,  HgAsOs,  with  the  liberation  of  bromine. 

H3ASO4  +  2  HBr  =  HjAsOs  +  HjO  +  Br, 

These  reajctions  are  useful  in  analysis. 

Binary  Arsenic  Certain  binary  compounds  of  arsenic  may  be  formed  h 
compounda,      ^  cuHon  of  reagents  upon  arsenic  compounds^ 
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Anenic  Tri-  Arsenic  irihydride^  AsHg  (arsine),  may  be  formed  by  the 
hydride.  action  of  nascent  hydrogen  upon  arsenious  acid, 
HgAsOs,  Of  upon  a  soluble  arsenite  such  as  sodium  arsenite,  Na^sO^. 

H-0\  /H 

H-O-As  +  3H-H  =  As-H  +  3H-O-H 

H-O/  \H 

Na-0\  /H 

Na~0— As  +  3  H-H  =  As-H  +  3  Na-O-H 

Na-O/  \H 

In  practice,  arsenic  trihydride  may  be  prepared  in  pure  condition  by 
acting  upon  an  alloy  of  zinc  and  arsenic  with  hydrochloric  acid ;  and  in 
mixture  with  hydrogen  it  may  be  prepared  by  pouring  a  solution  of  an 
arsenite  into  a  generator  from  which  hydrogen  is  being  evolved  by  action 
of  a  dilute  acid  or  a  strong  basic  hydroxide  upon  zinc  or  aluminium. 

Arsenic  trihydride  is  a  colorless  gas,  of  strong  characteristic  odor, 
resembling  that  of  garlic.  Cold  and  pressure  convert  it  to  a  colorless 
liquid,  boiling  at  —55*,  and  even  to  a  colorless  solid  which  melts  at 
—  113.5**.     It  is  extremely  poisonous. 

Arsenic  trihydride  is  inflammable,  burning  with  a  bluish  white  fiame 
when  ignited,  white  clouds  of  arsenic  trioxide  being  evolved. 

/H  As=0 

2  As-H  4-  30=0  =       >0  +  3H-O-H 
\H  As^O 

If  a  cold  body,  such  as  a  piece  of  porcelain,  be  held  in  a  flame  of 
burning  arsenic  trihydride,  cutting  off  the  supply  of  oxygen  from  the 
side  of  the  flame  next  the  porcelain,  the  temperature  will  be  so  far 
reduced  that  the  oxidation  will  be  but  partial,  and  black  spots  or 
"  mirrors  "  of  arsenic  will  be  formed  on  the  porcelain. 

/H 
4  As-H  +  3  0=0  =  4  As  +  6  H-O-H 
\H 

When .  a  stream  of  arsenic  trihydride  is  passed  through  a  small  glass 
tube,  contracted  to  small  diameter,  and  heated  to  230**,  it  is  decom- 
posed, arsenic  being  deposited  as  the  characteristic  mirror  on  the  walls 
of  the  tube,  and  hydrogen  being  evolved. 

a  As— H  =  2  As  +  3  H-H 
\H 
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The  mirror  of  arsenic  deposited  by  the  oxidation  or  decomposition 
of  arsenic  trihydride  is  readily  removed  by  a  solution  of  sodium  hypo- 
chlorite, NaOCl,  with  formation  of  arsenic  acid  and  sodium  chloride. 

2  As  -f  5  NaOCl  -f  3  H^O  =  2  HsAsO*  +  5  NaCI 

The  arsenic  mirror  is  also  removed  by  a  mixture  of  ammonium  sulphide, 

(NH4)jS,  and  sulphur. 

llarsh  Test  The  production  of  a  visible  arsenic  mirror  by  extremely 
for  Arsenic  small  quantities  of  arsenic  trihydride  is  turned  to  useni! 
Compoands.     account  in  the  Marsh  test  for  arsenic  compounds. 

For  the  examination  of  substances  in  which  an  arsenic  compoand  may 
be  present  in  readily  appreciable  amounts,  the  test  may  be  made  by 
placing  a  few  granules  of  zinc  in  a  test-tube,  covering  with  dilute  hydro- 
chloric acid  or  sulphuric  acid  in  amount  sufficient  to  set  up  a  brisk 
evolution  of  hydrogen,  introducing  a  httle  of  the  substance  10  be  ex- 
amined, best  in  solution,  quickly  placing  a  loose  plug  of  cotton  above  ne 
liquid,  stopping  the  tube  with  a  cork  bearing  a  short  glass  delivery  tube 
drawn  out  to  a  fine  jet,  and  immediately  igniting  the  stream  of  gi»e> 
issuing  from  the  tube,  taking  care  throughout  the  experiment  to  avo:d 
breathing  the  gas  from  the  tube.  The  cotton  plug  serves  the  double 
purpose  of  partially  drying  the  evolved  gases,  and  of  preventing  an  ex- 
plosion in  case  air  enough  still  remains  in  the  tube  to  make  an  explosive 
mixture  when  the  flame  is  applied.  In  case  arsenic  compounds  i^rc 
present  in  the  original  substance,  the  characteristic  mirror  mill  ^ 
deposited  upon  a  cold  piece  of  porcelain  held  within  the  flame  of 
burning  gas. 

To  make  the  test  still  more  delicate,  a  mixture  of  zinc  and  hydro- 
chloric acid  and  the  solution  to  be  examined  may  be  placed  in  a  sms . 
generating  flask,  the  delivery  tube  of  which  passes  into  a  small  caldcc 
chloride  drying  tube  which  is  connected  at  its  further  end  with  a  snu 
reduction  tube  of  hard  glass,  drawn  gradually  to  a  fine  jet.  If  the  origiD- 
solution  contained  an  arsenic  compound,  the  characteristic  mirror  will  V 
deposited  in  the  cool  contracted  portions  of  the  delivery  tube  when  the 
uncontracted  portion  of  the  tube  is  suitably  heated. 

Redaction  Arsenic  trihydride  acts  as  a  reducer^  and  wiU  precifitit 

by  Arsenic      some  metals  from  solutions  of  their  salts.     If  a  stream  0: 
nhydnde.     arsenic  trihydride,  AsHg,  be  passed  into  a  solution  ofs 
silver  salt,  such  as  silver   nitrate,  AgNO^,  arsenious  acid,  Hj^AsO. 
and  nitric  acid  will  be  formed,  and  silver  will  be  deposited. 

AsHa  4-  6  AgNO^  +  3  H^O  =  HaAsO,  +  6  Ag  +  6  HNO, 
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Arsenic  Arsenic  trichloride^  AsCls,  is  a  colorless  liquid  of  specific 

Chloiides.  gravity  2.2,  boiling  at  130°,  forming  at  low  temperatures  a 
colorless  solid  which  melts  at  — 18°.  It  may  be  prepared  by  acting  upon 
arsenic  trioxide,  AsjOa,  with  concentrated  hydrochloric  acid. 

As=0  /CI 

>0  +  6  H-Cl  =  2  As-Cl  -f  3  H-O-H 
As4o  \C1 

When  powdered  arsenic  is  thrown  into  chlorine  gas,  it  inflames  with 

violence,  forming  arsenic  trichloride. 

/CI 
As,  +  3  Cl-Cl  =  2  As-Cl 

\C1 

Arsenic  trichloride,  AsCla,  is  hydrolyzed  by  an  excess  of  water, 
forming  arsenioQs  acid,  HjAsOs,  ^"^^  hydrogen  chloride,  but  the  action  is 
reversible  and  conditioned  by  the  proportions  of  water  and  hydrogen 
chloride  present. 

/CI  H-0\ 

As-Cl  +  3H-O-H— ^H-O-As  +  3H-CI 
\C1  H-0/ 

Arsenic  pentachloride^  AsCls,  formed  by  the  action  of  chlorine  upon 
cooled  arsenic  trichloride,  exists  in  the  form  of  yellow  crystals  below 
—40°,  as  a  yellow  liquid  between  about  —40®  and  —25°,  decomposing 
into  arsenic  trichloride  at  higher  temperatures. 

Arsenic  tribromidey  AsBra,  a  white  crystalline  solid,  and  arsenic 
triiodide,  Asia,  red  crystals,  are  also  known. 

Arsenic  Arsenic  trisulphide,  k%^  (arsenious  sulphide),  a  brilliant 

Sulphides.  yellow  crystalline  solid,  of  specific  gravity  3.4,  insoluble  in 
water  and  unacted  upon  by  ordinary  dilute  acids,  is  found  as  the  mineral 
orpimenL  It  may  be  made  artificially  by  fusing  together  arsenic  and 
sulphur  in  such  proportions  that  two  atoms  of  arsenic  will  conbine  with 

three  atoms  of  sulphur. 

As=S 
2  As  +  3  S  =        J>S 

As^S 

It  may  also  be  produced  as  a  precipitate  by  adding  hydrogen  sulphide,  or 
some  other  soluble  sulphide,  to  a  solution  of  arsenious  acid  in  presence 
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of  a  strong  acid.     When  arsenic  trisulphide  is  heated  in  a  current  of  air, 
it  is  oxidized  to  arsenic  trioxide,  AsjOs,  while  sulphur  dioxide  is  also 

2  AsSs  +  9  Oj  =  2  AsgOj  -f  6  SO2 

Arsenic pentasulphide,  AsjSa  (arsenic  sulphide),  is  a  yellow  solid,  unacted 
upon  by  ordinary  dilute  acids.  It  maybe  made  by  fusing  together  arsenic 
and  sulphur  in  proper  proportions. 

As 


2  As  4-  5  S  =     Ss 


It  may  also  be  formed  by  fusing  arsenic  trisulphide,  Asg^g,  with  an 
excess  of  sulphur. 

As^S  ^^ 

>S  -h  2  S  =      >S 

As^S  //y^ 

AsXo 

It  may  also  be  produced  as  a  precipitate  by  adding  hydrogen  sulphide, 
or  some  other  soluble  sulphide,  to  a  solution  of  arsenic  acid  in  presence 
of  a  strong  acid.  When  arsenic  pentasulphide  is  heated  in  a  current  oi 
air,  it  is  reduced  to  arsenic  trioxide,  As^Os,  and  sulphur  dioxide  is 
formed  simultaneously. 

2  AS2S5  +  13  Oj  =  2  AsjOs  +  10  SO2 

Arsenic  disulphide^  AS2S2,  is  a  ruby-red  crystalline  solid  of  specific 
gravity  3.5,  found  as  the  mineral  realgar.  It  may  be  formed  by  fusing 
arsenic  with  sulphur  in  proper  proportions. 

As=S 

2  As  +  2  S  =    I 

As=S 

It  may  be  oxidized  to  arsenic  trioxide  by  heating  in  air.     It  is  used  as  a 

pigment 

Precipitation       ^^^  arsenic  sulphides  may  be  formed  as  characteristic  pre- 

ot  Arsenic       cipitates  by  adding  suitctble  recants  to  solutions  of  arsenic 

Sulphides.       compounds. 
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Hydrogen  sulphide,  H2S,  or  any  other  soluble  sulphide,  will  pre- 
cipitate yellow  arsenic  trisulphide^  AsjSj,  from  an  acidulated  solution  of 
arsenious  acid,  HgAsOj.  If,  however,  no  other  acid  is  present  beside 
the  arsenious  acid,  the  arsenic  trisulpfiide  formed  remains  in  colloidal 
solution,  from  which  it  is  precipitated  only  slowly  on  long  standing. 

2  Hj^sOa  -f  3  H^  =  AbjSjj  +  6  HjO 

Arsenic  trisulphide  may  be  precipitated  from  solutions  of  arsenites  by 
hydrogen  sulphide  or  other  soluble  sulphides  after  addition  of  an  excess 
of  an  acid.  If  we  add  to  a  solution  of  sodium  arsenite,  Na^AsOs,  an 
excess  of  hydrochloric  acid,  and  then  pass  into  the  mixture,  now 
containing  arsenious  acid  and  sodium  chloride,  hydrogen  sulphide, 
we  get  a  precipitate  of  arsenic  trisulphide^  the  sodium  chloride  formed 
remaining  in  the  solution. 

2  NagAsOa  +  3  HgS  +  6  HCl  =  A82S3  +  6  NaCl  +  6  HjO 

Ammonium  sulphide,  (NH4)2S,  may  be  used  to  precipitate  arsenic 
trisulphide  from  acidulated  solutions  of  arsenious  acid,  but  the  precipi- 
tate thus  formed  will  be  acted  upon  by  an  excess  of  ammonium  sulphide, 
with  the  formation  of  a  soluble  product.  The  precipitate  of  arsenic  tri- 
sulphide is  not  acted  upon  by  dilute  hydrochloric  acid,  but  is  slowly 
attacked  by  hot  concentrated  hydrochloric  acid. 

Salph-  The  precipitate  of  arsenic  trisulphide  may  be  acted  upon 

arsenites.  by  ammonium  sulphide,  or  by  an  alkali  sulphide,  with  the 
formation  of  a  soluble  sulpharsenite,  readily  decomposed  by  the  com- 
mon acids,  with  precipitation  of  arsenic  trisulphide  and  evolution  of 
hydrogen  sulphide.  Thus,  ammonium  sulphide,  (NH4)2S,  acts 
upon  arsenic  trisulphide,  As^St,  forming  ammonium  sulpharsenite ^ 
(NH4)8AsS)),  in  solution, 

As=S  NH4^  NH4-S\ 

\S  +  3  >S  =  2  NH4-S-AS 

As^S  NH4^  NH4-S/ 

from  which  by  the  addition  of  hydrochloric  acid  arsenic  trisulphide 
is  precipitated,  while  hydrogen  sulphide  is  evolved. 

2  (NH4)8AsS8  -f  6  HCl  =  AsjSs  +  3  HaS  -|-  6  NH4CI 

The  precipitate  of  arsenic  trisulphide  may  be  acted  upon  by  an  alkali 
hydroxide  with  the  formation  of  an  equivalent  mixture  of  a  sulpharsenite 
and  an  arsenite,  which  remain  in  solution,  and  which  may  be  readily 
o 
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decomposed  by  the  stronger  acids,  with  precipitation  of  arsenic  trisnl- 
phide,  but  without  the  evolution  of  hydrogen  sulphide.  Thus,  sodium 
hydroxide  acts  upon  arsenic  trisulphide  to  form  sodium  sulpk- 
arsenite^  NagAsSs,  and  sodium  arsenite,  NaaAsOs,  in  solution, 

As=S  Na— 0\  Na— Sv 

Ns  +  6Na-0-H  =  Na-O-As  +  Na~S-As  +  3  H-O-H 
As^S  Na-O/  Na-S/ 

from  which  by  the  action  of  hydrochloric  acid  arsenic  trisulphide is 
precipitated. 

NagAsSs  +  NagAsOg  +  6  HCl  =  AsjSg  +  6  NaCl  +  3  H/) 

The  nature  of  the  action  of  hydrogen  sulphide  and  of  other  soluble 
sulphides  upon  arsenic  acid  or  arsenates  in  solutions  depends  upon 
conditions  of  concentration  of  the  reagents,  and  upon  the  temperature. 

When  hydrogen  sulphide,  H2S,  or  any  other  soluble  sulphide, is 
added  to  a  concentrated  solution  of  arsenic  acid,  H^AsO*,  a  reduction 
takes  place,  arsenious  acid,  H^AsOs,  and  water  being  formed,  while  sul- 
phur is  set  free. 

H3ASO4  +  HjS  =  HgAsOs  +  HjO  +  S 

The  further  addition  of  hydrogen  sulphide  to  the  solution  will  precipitate 
arsenic  trisulphide,  AsjSg. 

When  hydrogen  sulphide,  or  other  soluble  sulphide,  is  added  to  a 
cold  dilute  acidulated  solution  of  arsenic  acid,  H8ASO4,  arsenic  penia- 
sulphide,  AS2S5,  may  be  slowly  formed  as  a  yellow  precipitate. 

2  H3ASO4  +  5  H2S  =  A82S5  H-  8  H2O 

Upon  heating,  the  precipitate  tends  to  decompose  into  arsenic  trisul- 
phide, AS2S3,  and  sulphur. 

Arsenic  pentasulphide,  AS2S5,  may  be  precipitated  from  solution  of 
arsenates  by  hydrogen  sulphide  or  other  soluble  sulphides  in  the  pres- 
ence of  acids.  When  we  add  to  a  solution  of  sodium  arsenate, 
Na3As04,  an  excess  of  hydrochloric  acid,  and  then  pass  into  the 
mixture,  now  containing  arsenic  acid  and  sodium  chloride,  hydrogen 
sulphide,  HgS,  we  get  a  precipitate  of  arsenic  pentasulphide,  As-Sj. 
or  of  arsenic  trisulphide,  AS2S3,  and  sulphur,  according  to  conditions  of 
concentration,  sodium  chloride  remaining  in  solution. 

2  Na8As04  -h  5  Hs^  +  6  HCl  =  AssS^  +  6  NaCl  -h  8  H/) 
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Ammonium  sulphide,  (NH4)^,  may  be  used  to  precipitate  arsenic 
pentasulphide  from  acidulated  solution  of  arsenic  acid,  but  the  precipi- 
tate thus  formed  will  be  acted  upon  by  an  excess  of  ammonium  sulphide, 
with  the  formation  of  a  soluble  product.  The  precipitate  of  arsenic 
pentasulphide  is  not  acted  upon  by  dilute  hydrochloric  acid,  but  may  be 
attacked  by  boiling  concentrated  hydrochloric  acid. 

The  precipitate  of  arsenic  pentasulphide  may  be  acted 
aneniitet  up<5^  by  ammonium  sulphide,  or  by  an  alkali  sulphide,  with 
the  formation  of  a  soluble  sulpharsenate,  readily  decom- 
posed by  the  common  acids,  with  precipitation  of  arsenic  pentasulphide, 
which,  if  the  conditions  favor,  may  be  further  decomposed  into  arsenic 
trisulphide  and  sulphur.  Thus,  ammonium  sulphide,  (N  114)28,  acts 
upon  arsenic  pentasulphide,  AsjS^,  forming  ammonium  sulphar- 
senate y  (NH4)3AsS4,  in  solution, 

^'^^  NH\  NH4-S\ 

/S  +  3  NH /S  =  2  NH4-Sr-As=S 

AsfS  ^^^  NH4-S/ 

^S 

from  which,  by  the  addition  of  hydrochloric  acid,  arsenic  pentasul- 
phide, Ass^sf  or  arsenic  tjisulphide,  As^Sj,  and  sulphur,  may  be  precipi- 
tated, while  hydrogen  sulphide  is  evolved, 

2  (NH4)8AsS4  4-  6  HCl  =  R^  +  3  HjS  +  6  NH4CI 

The  precipitate  of  arsenic  pentasulphide  may  be  acted  upon  by  an 
alkali  hydroxide,  with  the  formation  of  an  equivalent  mixture  of  a  sulph- 
arsenate and  a  sulphoxyarsenate  which  remain  in  solution,  and  which 
may  be  readily  decomposed  by  the  common  acids,  with  precipitation  of 
arsenic  pentasulphide,  or  of  arsenic  trisulphide  and  sulphur,  but  without 
the  evolution  of  hydrogen  sulphide.  Thus,  sodium  hydroxide  acts 
upon  arsenic  pentasulphide  to  form  sodium  sulpharsenate,  NajAsSf, 
and  sodium  sulphoxyarsenate,  NasAsSOg,  in  solution, 

A8=S  Na-S\  Na-0\ 

NS  =  6Na-0-H  =  Na-S— As=S  +  Na-O— A9=S  +  3H-O-H 
As^S  Na-S/  Na-O/ 

from  which,  by  the  addition  of  hydrochloric  acid,  arsenic  pentasul- 
phide, AS2S5,  or  arsenic  trisulphide,  AsjSs,  and  sulphur,  may  be  precipi- 
tated. 

Na8AsS4  +  NagAsSOs  +  6  HCl  =  AsjS^  +  6  NaCl  +  3  H,0 
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Sodium  metasulpharsenatey  NaAs^a,  and  sodium  pyrosuipharsenate, 
NafAs^,  are  also  known.  The  sulpharsenates  of  the  alkali  elements  are 
soluble  in  water,  while  those  of  many  elements  other  than  the  alkali  ele- 
ments may  be  made  as  insoluble  colored  precipitates. 

« 

Binary  compounds  of  arsenic  with  positive  elements y  known 
as  arsenideSy  may  be  made  in  several  ways.  Nearly  all  of 
the  metals  will  combine  directly  with  arsenic.  When  arsenic  and 
sodium  are  gently  heated  together,  sodium  arsenide ^  Na^As,  is  ob- 
tained as  a  dark  solid,  acted  upon  by  acids,  and  arsenides  of  other 
metals  may  be  formed  in  a  similar  manner. 

Some  metals  form  a  number  of  different  arsenides.  By  heating  cop- 
per and  arsenic  together,  in  proper  proportions  and  at  the  required 
temperatures,  a  series  of  copper  arsenides  may  be  formed.  When 
arsenious  acid,  H3ASO3,  is  heated  with  copper,  an  arsenide,  Cu^As^  is 
deposited  as  a  dark  solid.  When  arsenic  is  warmed  with  a  solutioii 
of  a  copper  salt,  such  as  cupric  sulphate,  CUSO4,  the  compound  Cu^^S; 
is  formed.  By  the  interaction  of  arsenic  trihydride,  AsHa,  and  a  copper 
salt,  such  as  cupric  chloride,  CUCI2,  the  compound  Cu^As,  is  formed 
as  a  black  precipitate.  Similar  arsenides  of  silver,  gold,  zinc,  lead,  and 
other  metals  may  be  made.  Many  of  the  arsenides  occur  native  as 
minerals. 

Of  the  arsenic  compounds,  arsenic  trioxide  and  arsenic 

Summary. 

pentoxide  are  doth  white  solids^  soluble  in  water^  forming 
the  respective  hydroxides  —  arsenious  acid  and  ortiioarsenic  acid. 

Arsenious  acid,  known  only  in  solution,  will  neutralize  bases,  forming 
arsenites,from  which  metarsenites  may  be  formed  by  heating.  The  alkali 
arscnites  are  white  solids,  soluble  in  water,  while  the  arsenites  of  many 
other  elements  may  be  formed  as  characteristic  colored  precipitates. 

By  the  oxidation  of  arsenic  trioxide,  or  of  arsenic  in  presence  of  water ^ 
orthoarsenic  acid  is  formed.  Orthoarsenic  acid  may  be  changed  by  heat- 
ing into  pyroarsenic  acid  and  metarsenic  acid.  Orthoarsenic  acid  tuUI 
neutralize  bases,  forming  neutral  and  acid  orthoarsenates,  from  which 
pyroarsenates  and  metarsenates  may  be  formed  by  heating.  The  alkah 
arsenates  are  white  solids,  soluble  in  water,  while  the  arsenates  of  maws 
elements  may  be  formed  as  characteristic  colored  precipitates.  OrHto- 
arsenic  acid  and  arsenites  may  be  reduced  to  arsenious  acid  and  arsemiks 
respectively. 
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Arsenic  trihydride^  an  inflammable ^  colorless ,  highly  poisonous  gc^s,  may 
be  made  by  the  action  of  hydrogen  upon  arsenic  or  arsenic  compounds. 
Arsenic  trichloride^  a  colorless  liquid^  is  made  by  the  combination  of 
arsenic  and  chlorine^  or  by  the  action  of  hydrochloric  acid  upon  arsenic 
trioxide.  Arsenic  trisulphide  and  arsenic  pentasulphide,  yellow  solids, 
may  be  made  by  fusing  arsenic  with  sulphur,  or  may  be  formed  as 
characteristic  yellow  precipitates.  The  arsenic  sulphides  are  acted  upon 
by  certain  sulphides  and  hydroxides,  with  the  formation  of  soluble 
sulpharsenites  and  arsenites,  or  sulpharsenates  and  sulphoxy arsenates. 
Various  insoluble  arsenides  may  be  made  by  the  combination  of  arsenic 
with  positive  elements  and  in  other  ways. 

Antimony^  Sb,  120.2 

Antiiiumy  Antimony  is  found  in  free  condition  to  some  extent,  but 

Ores.  occurs  principally  combined  with  sulphur  in  the   mineral 

stibnite,  SbgS^.  Other  sulphides  containing  antimony  in  association 
with  arsenic,  and  combined  with  copper,  silver,  lead,  iron,  and  other 
elements,  are  known. 

Free  antimony  may  be  obtained  from  stibnite  by  roasting  the  crude 
sulphide  ore  with  iron, 

SbaSa  +  3  Fe  =  2  Sb  +  3  FeS 

or  by  oxidizing  the  ore  directly  by  roasting  in  an  excess  of  air, 

3  SbjSj,  +  9  O2  =  2  SbjOa  -f  6  SO, 

and  reducing  the  resulting  antimony  oxide  by  heating  with  carbon. 

SbaOs-f  3C  =  SbjH-  3  CO 

Antimony  sulphide  ores  may  also  be  reduced  by  heating  with  sodium 
carbonate  and  charcoal. 

2  SbjSg  +  6  Na^COs  +  12  C  =  2  Sbg  +  6  NajS  +  18  CO 

^  Antimony  is  a  silvery  white,  brittle,  crystalline  metal,  having 

a  specific  gravity  varying  between  6.71  and  6.86,  melting  at 
430**,  and  vaporizing  under  ordinary  pressure  at  from  1500°  to  1700°. 
It  18  unacted  upon  by  dry  air  at  ordinary  temperature,  but  when 
sufficiently  heated  takes  fire  and  bums  with  a  blue  flame,  forming  dense 
white  clouds  of  antimony  trioxide.     It  is  slightly  tarnished  by  moist  air 
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at  atmospheric  temperatures,  and  decomposes  water  at  red  heat,  forroiDg 
an  oxide.  It  is  attacked  by  nitric  acid  and  combines  directly  with 
chlorine  and  other  elements.  Several  useful  alloys,  such  as  type  meUU^ 
pewter  and  white  meial^  contain  antimony  in  association  with  lead,  tin, 
copper,  and  other  metals. 

ft 

Ox/rfM  ani  Antimony  forms  three  oxides,  and  though  these  oxides  do 

Hydroxidet.  jjq^  unite  readily  with  water,  there  are  several  hydroxides 
corresponding  to  the  highest  and  lowest  of  the  oxides. 

OxiDBS  Hydroxidks 

Antimony  trioxide,  SbiOs  Orthoantimonious  acid,  H^^bQs 

Metantimonious  acid,  HSbOs 


Antimony  tetroxide,  SbjO^  

Antimony  pentoxide,  SbgO^  Orthoantimonic  acid,  H^SbOf 

Pyroantimonic  acid,  HfSbgO? 

Metantimonic  acid,  HSbO^ 

From  the  oxides  and  related  hydroxides  of  antimony  three  classes  of 
salts  may  be  derived.  From  antimony  trioxide  and  the  related  antimony 
hydroxides  there  may  be  obtained,  on  the  one  hand,  salts  such  as 
NaSb02  •  3  HjjO,  in  which  antimony  and  oxygen  constitute  the  negative 
ion,  and  on  the  other  hand,  salts  such  as  the  sulphates,  Sb2(S04)» 
Sb(0H)S04,  and  the  nitrate,  SbXN03)6  •  5  Sb208,  in  which  antimony 
acts  as  the  positive  ion.  From  antimony  pentoxide  and  the  correspond- 
ing antimony  hydroxides  may  be  obtained  salts  in  which  antimony  and 
oxygen  constitute  the  negative  ion,  as  NaSbOs,  and  Na2HsSb/)7.  .^1 
hydroxides  of  antimony  appear  therefore  to  be  acidic,  while  the  lower 
hydroxides,  HgSbOg  or  Sb(0H)3,  and  HSbO,  or  SbO(OH),  in  which 
antimony  is  trivalent,  may  be  basic  as  well  as  acidic.  Of  the  antimODV 
oxides  antimony  trioxide,  SbgOs,  is  acidic  or  basic  according  to  circum- 
stances, while  antimony  pentoxide  is  acidic.  When  antimony  tetroxide 
is  acted  upon  by  reagents,  products  are  formed  which  may  be  classed 
as  mixtures  of  derivatives  of  antimony  trioxide  and  antimony  pentoxide. 

Antimony  Antimony  trioxide,  SbjOj,  a  white  solid,  is  formed  when 

Trioxide.  antimony  is  heated  in  air  at  a  temperature  not  exceeding 
360**.  It  occurs  native  in  two  distinctly  different  crystalline  systems 
as  the  minerals  valentinite  and  senarmontite,  and  may  be  prepared  aiti- 
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ficially  in  similar  forms.  When  heated  out  of  contact  with  air  it  melts  at 
dark  red  heat  and  volatilizes  without  decomposition.  At  1560''  its  spe- 
cific gravity  is  about  560,  corresponding  approximately  to  the  molecular 
symbol  Sb40s,  though  at  this  temperature  dissociation  of  the  molecule 
represented  by  the  symbol  is  apparently  beginning.  At  still  higher 
temperatures  antimony  trioxide  may  possibly  be  represented  by  the 
molecular  symbol,  SbaOg.  It  is  convenient,  at  all  events,  to  call  the  oxide 
antimony  trioxide,  and  to  represent  it  by  the  equivalent  symbol  SbjOj. 

Heated  to  a  temperature  above  590®,  in  air  or  oxygen,  antimony  tri- 
oxide is  converted  completely  to  antimony  tetroxide,  SbjO^.  It  dissolves 
in  water,  cold  or  hot,  only  slightly,  but  to  a  slightly  greater  degree  in 
cold  water.  It  is  little  affected  by  dilute  acids,  but  is  attacked  by  hydro- 
chloric acid  with  formation  of  antimonious  chloride,  and  by  tartaric  acid 
with  formation  of  antimony  tartrate,  or  antimoniotartaric  acid,  while 
strong  sulphuric  acid  acts  upon  it  to  form  sulphates. 
AnUmonioua  ^^  norma/  hydroxide  and  oxyhydrides  of  antimony^  cor- 

4cidM.  responding  to  antimony  trioxide,  have  been  prepared,     Ortho- 

antimonious  acid,  HgSbOa,  the  normal  antimonious  hydroxide,  has  been 
isolated  by  adding  sulphuric  acid  in  exactly  proper  amount  to  a  solution 
of  barium  dihydrogen  antimoniotartrate,  BaHj(C4H40fl)2  •  Sb208, 
filtering  off  the  precipitated  barium  sulphate,  adding  more  sulphuric  acid 
to  the  clear  solution  of  antimoniotartaric  acid,  and  collecting  and  drying 
at  100**  the  white  precipitate  which  is  formed. 

BaH,(C4H406)8  •  Sb-A  -h  H2SO4  =  BaS04  +  H4(C4H40«)s  •  SbjO, 
H4(C4H40e)2 .  SbA  -f  3  H2O  =  2  HaSbOa  -f  2  H2(C4H406) 

Metantimonious  acid,  HSb02,  an  antimonious  oxyhydroxide,  has  been 
prepared  by  a  reaction  closely  similar  to  that  by  which  orthoanti- 
monious  acid  has  been  made,  by  decomposing  potassium  dihydrogen 
antimoniotartrate,  K2H2(C4H406)2  •  SbgOj,  by  certain  salts,  such  as  the 
carbonates,  phosphates,  and  acetates  of  the  alkali  metals ;  while  by  the 
action  of  ammonium  hydroxide  upon  potassium  dihydrogen  antimonio- 
tartrate, antimony  trioxide,  SbaOg,  the  completely  dehydrated  derivative 
of  orthoantimonious  acid,  has  been  precipitated. 

From    orthoantimonious    acid,    metantimonious    acid,   or 

mon  antimony  trioxide,  antimonites  of  the  alkali  metals  in  which 

antimony  is  in  the  negative  ion  may  be  prepared.     When  the  saturated 
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solution  obtained  by  acting  upon  any  one  of  these  substances  with  a  50 
per  cent,  solution  of  sodium  hydroxide  is  diluted  with  hot  water,  a  part 
of  the  dissolved  material  separates  from  solution  and  the  filtered  liquid 
deposits  on  cooling  crystals  of  sodium  metantimonite^  NaSbOj  •  3  H^O. 
which  may,  however,  be  best  regarded  as  sodium  dihydrogcn  orihoanti' 
monitgy  NaHjSbOs  •  3  H^O.  It  is  not  improbable  that  in  the  presence 
of  a  sufficiency  of  alkali  hydroxides,  other  sodium  orthoantimonites,  such 
as  NajHSbOj  and  NajSbOg,  may  eyist.  Such  compounds,  however, 
would  be  readily  hydrolyzed,  and  have  not  been  isolated. 

If  the  saturated  solution  from  which  orthoantimonites  may  be  obtained 
is  allowed  to  cool  without  dilution,  crystalline  salts  are  formed  contain- 
ing a  large  proportion  of  antimony.  In  this  way  sodium  antimonites, 
represented  by  the  symbols  NaHjSbaOa,  NaiHjSbeOia,  and  KaSb-0> 
which  may  be  regarded  as  derivatives  of  a  polymerized  metantimonious 
acid,  have  been  prepared.  Potassium  salts,  KSbsO^,  and  KSbjOs  •  3  H,0, 
are  also  known.  The  alkali  antimonites,  which  are  the  sole  represenu- 
tives  of  the  salts  of  the  antimonite  series,  are  all  easily  hydrolyzed,  with 
separation  of  antimony  trioxide. 

Antimony  Sa/fs  in  which  antimony  plays  the  part  of  a  positive  im 

8att9.  ^^y  ifg  made  by  acting  upon  antimony  trioxide  with  strong 

sulphuric  acid  or  strong  nitric  acid. 

Antimony  A  neutral  antimony  sulphate ^  Shi^^O^^  or 

Sulphate. 

/ov/o 

Sb~0/^0 

crystallizes  from  the  solution  obtained  by  acting  upon  antimony  trioxidf 
with  concentrated  sulphuric  acid.  When,  however,  antimony  trioxiiie 
is  treated  with  dilute  sulphuric  acid  of  from  50  per  cent,  to  70  per 
cent,  strength,  a  basic  antimony  sulphate,  Sb(0H)S04,  or 

/0-H 
Sb-O\o^0 


X8 


\0 

is  precipitated.     This  compound  loses  water  at  loo®,  giving  an  antimonv 
oxysulphate,  Sb^O  (804)2,  or 
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o: 


/ 


<8X8 


\ 


A  white  crystalline  basic  antimony  nitrate,  ^h^{^0^^  •  5  Sh^Oa,  has 

been  formed  by  the  action  of  strong  nitric  acid  upon  antimony  trioxide. 

These  salts  of  antimony,  in  which  antimony  is  the  positive  ion,  are  white 

crystalline  compounds,  easily  hydrolyzed. 

Antimony  Tartaric  acid,  H2(C4H4O0),  as  well  as  other  organic  acids, 

Tartrates.  is  able  to  act  upon  antimony  trioxide  and  its  related  hydrox- 
ides. Some  of  the  compounds  formed  are  to  be  regarded  as  salts  in 
which  antimony  is  the  positive  ion,  as  for  example  the  neutral  antimony 
tartrate y  Sb2(C4H40e)8,  or 

Sb^<^^«^^^) 


\0 


!>(C4HA) 


^^^>(C4H404) 


\0. 

and  an  acidic  antimony  hydrogen  tartrate,  SbH3(C4H406)8,  or 

/0-(C4H404)-0-H 

Sb-0  -  (C4H4O4)  -  O  -  H 

\0-(C4H404)-0-H 

On  the  other  hand,  it  appears  to  be  probable  that  in  certain  tartrates  of 
other  elements,  antimony  enters  as  a  constituent  of  the  negative  ion. 
"Tartar  emetic,"  for  example,  made  by  acting  upon  antimony  trioxide 
with  potassium  hydrogen  tartrate,  KH(C4H406),  "cream  of  tartar," 
is  perhaps  best  regarded  as  an  acidic  potassium  antimoniotartrate, 
K2H,(C4H406)8-  SbsOs,  or 

K-.0-CO-(CH)-0-H 


H-0-CO-(CH)-0-Sb~0-H 
H-0-CO-(CH)-0-Sb^O-H 


K-0-CO-(CH)-0~H 

The  antimony  tartrates  and  the  antimoniotartrates  are  not  so  easily 
hydrolyzed  with  precipitation  of  antimony  trioxide  as  are  other  salts  of 
antimony.    Tartar  emetic  is  used  as  a  medicine. 
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Antimony  Antimony  ietroxidey  Sb204,  a  white  powder  turning  vcIIot 

Tetroxide.  when  heated,  slightly  soluble  in  water,  and  acted  upon  with 
difficulty  by  acids,  may  be  made  by  heating  antimony  trioxide  in  air 
or  oxygen,  the  combination  of  antimony  trioxide  with  oxygen  begin- 
ning at  360°,  and  being  complete  at  590°.  It  is  also  made  by  heating- 
antimony  pentoxide,  SbjO^,  to  low  redness.  When  fused  with  alb! 
hydroxides  or  carbonates,  antimony  tetroxide  is  acted  upon  apparenth 
with  formation  of  a  mixture  of  antimonites  with  antimonates. 
Antimony  Antimony  pentoxidCy   SbgOa,   is   a    pale   yellow  powder. 

Pentoxide^  obtained  by  cautiously  heating  antimony  or  antimony  trioxide 
with  nitric  acid,  or  with  aqua  regia,  or  with  mercuric  oxide,  or  by  heat- 
ing the  antimonic  acids.  At  high  temperature  it  yields  oxygen  and  is 
converted  into  antimony  tetroxide,  the  change  beginning  at  300'  ic 
absence  of  an  oxidizing  agent.  It  is  very  insoluble  in  water,  is  slowh 
attacked  by  acids,  including  tartaric  acid,  and  by  alkali  hydroxides  in 
solution,  but  is  readily  attacked  by  alkali  hydroxides  in  fusion. 
Antimonic  Several  antimonic  oxy hydroxides,  corresponding  t0  ant- 

Acida.  mony   pentoxide,    are    known.       Orthoantimonic   aal 

J— o\  H3Sb04,  an  antimonic  oxyhydroxide,  may  be  obtained  by 

"^Zo/^^"*^      fusing  antimony  pentoxide,  SbjOs,  with  three  times  its 

weight  of  potassium  hydroxide,  decomposing  the  md: 
with  nitric  acid,  and  drying  the  precipitate  over  sulphuric  acid,  or  for  1 
long  time  in  air. 

The  freshly  prepared  air-dried  precipitate  contains  an  amount  of  water 
intermediate  between  that  demanded  by  the  symbols  HsSbOj  and  HjSbOv 
Although  it  may  be  that  the  normal  hydroxide,  HsSbO,,  exists  in  unsubi? 
condition,  the  oxyhydroxide,  H3Sb04,  is  the  highest  hydroxide  found  tote 
stable  at  ordinary  temperature,  and  bears  the  name  orthoantimonic  «*•'-■ 

Orthoantimonic  acid  may  also  be  formed  by  the  hydrolysis  of  anti- 
mony  pentachloride,  SbCls,  the  product  being  dried  over  salphunc 

^^i^'  SbClfi  +  4  H2O  =  H8Sb04  +  5  HCl 

or  by  treating  antimony  repeatedly  with  aqua  regia,  washing  oat  the 

product  thoroughly  with  water,  and  drying  over  sulphuric  acid, 

6Sb  +  10HNO3  +  4H2O  =  6H,Sb04  +  10  NO 
or  by  acting  with  concentrated  nitric  acid  upon  antimony  trioxide. 
SbjOs,  washing  and  drying  the  product  similarly. 

2SbA  +  4HNOs  +  4H,0  =  4H,Sb04  4-  2NA 
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j_Q  Pyroantimonic  acid^  H4Sb207,  is  formed  as  a  white  in- 

jtf— 0     ,  ~       soluble  substance  when  orthoantimonic  acid,  H3Sb04, 

I  is  heated  to  loo**, 

^~9>Sb=0 

^-®  2  H8Sb04  =  H^SbjOy  +  H2O 

or  when  antimony  pentachloride,   SbClj,   is   hydrolyzed   in   hot 

solution.  ^,  ^,  „  ^       ^  «^  ^  ,,,^ 

2  SbClfi  +  7  H2O  =  H4SbA  +  10  Ha 

y^        Metantimonic  acidy  HSbOj,  white  and  insoluble,  is  pro- 


sO    duced  by  heating  orthoantimonic   acid,  H8Sb04,  or 
pyroantimonic  acid,  H4Sb207,  to  I75^ 

H8Sb04  =  HSbO,  +  HjO 

H4Sb807  =  2  HSbOa  +  H,0 

At  275®  metantimonic  acid,  HSbOj,  yields  antimony  pentoxide, 

^^^*'  2  HSbOa  =  Sb^,  +  H,0 

which  at  low  redness  passes  into  antimony  tetroxide. 

2  Sb A  =  Sb204  +  Oj 

-  ^.     ^  AnHmonates  of  the  alkali  elements ^  in  which  antimony  is 

in  the  negatiiie  ion,  may  be  prepared, 

Antimonates  of  the  alkali  elements  may  be  made  by  melting  together 
antimony  pentoxide  ^.nd  the  alkali  hydroxides,  or  by  fusing  antimony, 
antimony  trioxide,  or  other  compounds  of  antimony  with  an  alkali 
nitrate.  From  the  alkali  antimonates,  more  or  less  soluble,  antimonates 
of  other  elements  may  be  precipitated  by  adding  the  alkali  antimonate 
to  suitable  salts  of  the  other  elements. 

By  fusing  to  redness  for  some  time  a  mixture  of  antimony  with  three 
or  four  times  its  weight  of  potassium  nitrate,  a  residue  is  obtained  which, 
after  extraction  with  cold  water,  yields  upon  long  boiling  with  water  a 
solution  from  which  an  acidic  salt,  potassium  dihydrogen  orthoantimonatey 
is  left  upon  evaporation.  This  salt  is  obtained  as  a  gummy  mass  which, 
when  dried  at  100**,  has  the  composition  expressed  by  the  symbol 
KH2Sb04  •  2  H2O,  but  which  at  185°  exists  in  the  anhydrous   form, 

KH^b04. 

From  the  solution  of  this  salt  in  water,  carbon  dioxide  precipitates  a 
derivative  of  a  polymeric  antimonic  acid  which,  when  dried  at  100°,  has 
the  composition  represented  by  the  symbol  2  K2H0SbsOg. 
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From  solutions  of  sodium  salts,  potassium  dihydrogen  anti- 
mo  nate  precipitates  the  white  crystalline,  difficultly  soluble,  acidic  so- 
dium dihydrogen  orthoantimonate,  NaHjSb04  •  2  HsO. 

Na-Q\  +  H-0-Sb=0  =    H-0-Sb=0  +  K-Q 
H-0/  H-0/ 

Other  antimonates,  such  as  LiHsSb04  •  2  H2O,  AgH8Sb04  •  2  H/3,  and 
HgH4Sbj08  •  4  H2O  have  been  similarly  formed  by  precipitation. 

Both  potassium  dihydrogen  orthoantimonate  and  sodium  dihydrogen 
orthoantimonate  yield,  when  heated  to  350®,  2uc\6\c  pyroantimonales  oi 
the  composition  K2H2Sb207  and  Na2H2Sb207  respectively. 

All  of  the  orthoantimonates  that  have  been  mentioned  are  of  the  pre- 
vailing acidic  type  containing  one  atom  of  the  metal  in  the  molecule. 
It  may  be  that  neutral  antimonates  containing  three  atoms  of  the  alkali 
metal  in  the  molecule  may  be  formed  when  antimony  pentoxide  is  fused 
with  an  excess  of  alkali  hydroxide,  but  if  so,  such  salts  do  not  survive 
hydrolytic  action  in  solution.  From  the  antimonates  by  the  action  of 
stronger  acids  orthoantimonic  acid  is  formed  more  or  less  completely. 

Binary  Antimony  forms  with  hvdrogen  and  chlorine  and  other 

Antimony  .  .  •        jl  •  \.        j 

CompoundB.     ^*<?w^«/f  various  btnary  compounds. 

Antimony  Antimony  trihydride^  SbHg  (stibine),  ordinarily  a  colorless 

Trihydhde.     gas,  is  best  prepared  approximately  pure  by  the  action  of 

strong  acids  upon  an  alloy  of  antimony,  and  it  is  also  formed  when 

nascent  hydrogen  acts  upon  a  soluble  compound  of  antimony,  such  as 

antimony  trichloride,  SbCla,  in  the  presence  of  an  acid. 

/CI  /H 

Sb-Cl  +  3  H-H  =  Sb~H  +  3H-CI 
\C1  \H 

Even  under  the  most  favorable  circumstances  of  production,  however, 
antimony  trihydride  is  always  accompanied  by  hydrogen. 

When  obtained  in  pure  condition  by  reducing  it  to  solid  form  by  cold 
and  pressure,  antimony  trihydride  melts  at  —91.5°  and  boils  at  —18'. 
It  is  slightly  soluble  in  water,  possesses  a  characteristic  odor  and  unpleas- 
ant taste,  and  is  poisonous.  It  burns  in  air  with  formation  of  antimoof 
trioxide  and  water.     It  is  easily  dissociated  with  hydrogen  and  antimooy, 
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the  action  beginning  at  low  temperatures  and  becoming  complete  when 
the  gas  is  passed  through  a  glass  tube  heated  to  low  redness. 

2Sb-H  =  Sba  +  3H-H 
\H 

ifarsb.  Very  small  amounts  of  antimony  compounds  respond  to 

Test  for  the  Marsh  test  when  introduced  into  the  hydrogen  generator, 
Antmumy  containing  zinc  and  sulphuric  acid  or  hydrochloric  acid.  The 
Compounds,  ^ji^ck  antimony  mirror  formed  when  the  mixture  of  hydrogen 
and  antimony  hydride  is  ignited  and  allowed  to  impinge  upon  cold 
porcelain  or  when  the  mixture  of  the  gas  is  passed  through  a  hot  tube 
is,  however,  distinguishable  from  the  arsenic  mirror  by  the  failure  of 
sodium  hypochlorite  to  act  upon  it  appreciably  and  immediately. 

Antimony  Antimony  forms  tivo  sets  of  compounds  with  chlorine  and 

Cbloxidea.       similar  elements,  and  with  sulphur. 

Antimony  trichloride,  SbClg,  is  a  crystalline  solid,  soft  and  deliquescent, 
melting  at  73°,  boiling  at  223®.  It  may  be  prepared  by  acting  upon 
antimony  trioxide,  SbjOj,  with  strong  hydrochloric  acid,  and 
evaporating  the  solution,  * 

Sb^O  /OX 

\0  +  6H-C1  =  2Sb^CK-f  3H-O-.H 
Sb^O  \C1 

or  by  acting  with  chlorine  upon  an  excess  of  antimony. 

/Cl 
2  Sb  +  3  Cl-Cl  =  2  Sb-Cl 

\C1 

Water  in  very  small  amount,  not  exceeding  the  proportion  of  two 

equivalents  of  water  to  one  equivalent  of  the  salt,  dissolves  antimony 

trichloride.     More  water  forms  a  basic  chloride,  Sb404Cl4,  and  still  more 

water  gives  the  basic  chloride,  Sb405Cl2.     The  simple  basic  chloride, 

SbOCl,  is  formed  when  alcohol  acts  upon  antimony  trichloride: 

Antimony  pentachloride,   SbCls,   a   yellow   liquid    readily   frozen   to 

crystals  which  melt  at  —6°,  is  made  by  acting  upon  antimony  with  an 

excess  of  chlorine. 

2  Sb  -f  5  Cla  =  2  SbCla 

It  is  easily  dissociated  into  chlorine  and  antimony  trichloride.     With  a 
suitable   amount   of  water,    crystalline    compounds,   SbCls  •  HgO    and 


206  OUTLINES  OF   INORGANIC  CHEMISTRY 

SbClfi  •  4  H2O,  are  formed,  but  an  excess  of  water  hydrolyzes  antimoDT 
pentachloride  to  orthoantimonic  acid,  H3Sb04,  or  pyroantimonic  and, 
H4Sb207. 

Antimony  tribromide,  SbBrj,  white  and  crystalline  ;  antimony  triioSdf, 
Sbis,  a  red  crystalline  compound ;  and  antimony  pentaiodide^  Sbl^,  (iark 
brown  and  crystalline,  are  salts  easily  hydrolyzed  by  water.  Antimor.\ 
trifluoride,  SbFj,  and  antimony  pentafluoride,  SbF.„  are  also  known. 

Antimony  trichloride^  antimony  tribromide,  antimony  triiodide^  anl 
antimony  trifluoride  form  double  salts  with  halogen  salts  of  the  alkaii 
elements  in  great  variety.  For  example  we  have  4  NH4I  •  Sbl,  •  3  H.<). 
7  KCl .  3  SbClg,  3  RbBr  •  3  SbBrg,  3  NH4I  •  4  Sblj  •  9  HA  RbCl  •  2  SbCL, 
3  NaCl .  SbCls,  2  KCl  •  SbCl,,  KF  •  SbFj,  4  CsF  •  7  SbFj,  CsF  -  SbF»  etc. 

Antimony  Antimony  trisutphide,  SbjSg  (antimonious  sulphide),  found 

Trisulphide.  native  as  the  mineral  stibnite,  is  a  dark  gray  crystalline  solid. 
of  specific  gravity  4.7,  insoluble  in  water.  It  is  an  ore  of  antimony.  It 
may  be  made  artificially  by  heating  together  antimony  and  sulphur  ir 
proper  proportions.  An  orange-red  variety  of  antimony  sulphide  may  be 
formed  as  a  precipitate  by  passing  hydrogen  sulphide  through  a 
solution  of  antimony  trichloride,  SbClj,  or  other  soluble  antimonious 
compound  in  presence  of  an  acid. 

2  SbCla  +  3  H2S  =  SbjSj,  +  6  HCl 

When  ammonium  sulphide,  (NH4)2S,'is  added  to  the  solution  of  an 
antimonious  salt,  antimonious  trisulphide,  Sb^S,,  is  first  precipitated,  mi 
then  acted  upon  by  the  excess  of  ammonium  sulphide,  to  form  a  soluble 
product. 

By  heating  above  200°,  the  red  antimony  trisulphide  may  be  changed 
into  the  gray  crystalline  variety.  Heated  in  air  or  oxygen,  antimony 
trisulphide  is  oxidized  to  antimony  trioxide,  SbgOs,  and  sulphur  dioxide 
Ignited  in  an  atmosphere  of  steam,  antimony  trisulphide  is  converted  t<^ 
antimony  cinnabar ,  a  red  pigment  having  the  composition  SbsSsO,  which 
is  also  found  as  a  mineral.  By  acting  upon  antimony  trisulphide  vi:h 
concentrated  hydrochloric  acid,  antimony  trichloride,  SbClj,  and  hydro- 
gen sulphide  are  formed. 

Sulph-  The  precipitate   of  antimony  trisulphide  is  acted  upon 

antimonites.  y^y  alkali  hydroxides  with  formation  of  soluble  antimtrnttr 
and  sulphantimonites  of  unknown  composition.  Thus,  in  the  action  •  i' 
sodium  hydroxide  upon  antimony  trisulphide,  SbjS^,  it  maybe 
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supposed  that  sodium  dihydrogen  orthoantimonite,  NaHjSbOa,  and 
sodium  sulphantimonite,  NasSbSs,  a  substance  like  the  known  sodium 
suipharsenite,  are  formed,  and  remain  in  solution. 

Sb=S  Na-CK  Na-S\ 

>S  +  4Na-0-H  =  H-O-Sb  -|-  Na-S-Sb  -f  H-O-H 
Sb^S  H-O/  Na-S/ 

Ammonium  sulphide,  (N  114)28,  acts  similarly  upon  precipitated  anti- 
mony trisulphide,  Sb^^.  to  form  in  solution  products  like  ammonium 
sulphantimonite,  (NH4)3SbS3. 

The  soluble  sulphantimonites  are  decomposed  by  acids,  with  precipita- 
tion of  antimony  trisulphide  and  formation  of  hydrogen  sulphide.  If 
to  a  solution  containing  sodium  sulphantimonite,  NagSbSs,  wc 
add  hydrochloric  acid,  antimony  trisulphide,  SbgSa,  is  precipitated, 
and  hydrogen  sulphide  is  evolved. 

2  NagSbSg  -h  6  HCl  =  Sb^Sj  -h  3  H^S  +  6  NaCl 

Antimony  Antimony  pentasuiphide^  Sb2S5,  a  powder  of  orange  color, 

Pentasul-  is  not  found  in  native  state,  but  is  made  artificially  by  add- 
phide.  jj^g  hydrogen  sulphide  to  solutions  of  antimonic  compounds, 

or  by  acting  upon  the  sulphantimonates  with  hydrochloric  acid.  It  is 
precipitated  by  hydrogen  sulphide,  HjS,  from  a  cold  solution  made 
by  dissolving  antimony  pentachloride,  SbClg,  in  dilute  hydrochloric 
acid. 

aSbClfl  4-  5  H2S  =  StA  +  JO  HCl 

In  warm  solution  antimony  pentasulphide  tends  to  decompose  into  anti- 
mony trisulphide,  Sb^Ss,  and  sulphur,  and  the  dry  substance  is  decom- 
posed similarly  when  heated.  Acted  upon  by  hydrochloric  acid,  it  is 
converted  to  antimony  trisulphide  and  sulphur,  and  by  sufficiently  strong 
acid  into  antimony  trichloride,  sulphur,  and  hydrogen  sulphide. 

When  ammonium  sulphide,  (N  1^4)28,  is  added  to  a  solution  of  an 
antimonic  salt,  in  the  presence  of  an  acid,  antimony  pentasulphide, 
Sb^0,  is  first  precipitated,  and  is  then  acted  upon  by  an  excess  of 
ammonium  sulphide  with  formation  of  a  soluble  product. 

Sulph-  The  precipitate  of  antimony  pentasulphide  is  acted  upon 

antimonates.  by  alkali  hydroxides,  with  formation  of  antimonates  and 
sulphantimonates  of  the  alkali  elements,  which  by  the  action  of  acids  are 
decomposed,  with  formation  of  antimony  pentasulphide.  By  acting  upon 
antimony  pentasulphide,  Sb2S5,  with  sodium  hydroxide,  insoluble 
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sodium  dihydrogen  orthoantimonate,  NaH2Sb04,  and  soluble  soiSum 
sulphantimonatCy  Na3SbS4,  may  b'e  formed. 

4  SbA  +  1 8  NaOH  =  3  NaH^SbO^  +  5  Na^SbS*  +  6  H3O 

An  excess  of  sodium  hydroxide  acts  upon  the  insoluble  sodium  anti- 
monate  with  formation  of  a  solution  containing  probably  a  less  acidic 
sodium  antimonate  and  sodium  sulphantimonate.  From  this  solution 
hydrochloric  acid  precipitates  antimony  pentasulphide,  SbgS^.  The 
action  of  an  alkali  hydroxide  upon  antimony  pentasulphide  may  also 
result  in  the  formation  of  a  sulphoxyantimonate,  such  as  the  potassium 
sulphoxyantimo natty  K2HSbS02  •  2  HoO,  for  example. 

Ammonium  sulphide,  (NH4)2S,  acts  upon  precipitated  antimoDj 
pentasulphide,  Sb^S^,  with  formation  of  ammonium  su/phantimonate, 
(NH4)3SbS4,  which  is  decomposed  by  acids,  with  formation  of  anti- 
mony pentasulphide,  or  antimony  trisulphide  and  sulphur. 

MetasulphantimonaieSy  such  as  NaSbSa,  are  also  known,  as  well  as 
more  complex  compounds  of  similar  composition,  and  these  may  be 
made  by  direct  combination  of  antimony  trisulphide,  SlxSa,  with  snl- 
phides  of  other  elements,  either  by  fusing  the  substances  together,  or 
by  mixing  their  solutions. 

The  sulphantimonates  may  be  prepared  in  various  ways,  many  of 
them  being  formed  as  colored  insoluble  precipitates.  Sodium  sulphan- 
timonates ^  Na8SbS4  •  9  HjjO,  known  as  Schiippe's  salt,  may  be  formed  as 
large  yellow  crystals,  by  boiling  antimony  trisulphide  with  sulphur  and 
sodium  hydroxide.     Some  of  the  sulphantimonates  occur  as  minerals. 

Antimony  trioxide  may  be  made  by  burning  antimony  in  air 

Summary,  -     , ,    ,  .,.',-, 

at  a  suitably  low  temperature  /  antimony  tetroxtde  ts  obtained 
by  strongly  heating  the  antimony  trioxide  in  air,  or  by  heating  antimony 
pentoxide  above  its  point  of  dissociation  ;  antimony  pentoxide  may  he 
made  by  suitably  heating  antimony  or  antimony  trioxide  with  more  active 
oxidizers. 

Orthoantimonious  acid  and  metantimonious  acid  have  been  prepared 
by  the  action  of  certain  acids  or  salts  upon  suitable  compounds  of  anti- 
mony. Orthoantimonic  acid,  pyroantimonic  acid,  and  metantimonic  acid 
are  formed  in  successii>e  stages  by  dehydrating  the  product  obtained  when 
antimony  pentoxide  is  fused  with  potassium  hydroxide  and  ^  med 
is  treated  with  nitric  acid. 

By  acting  upon  antimony  trioxide  with  sodium  hydroxide ,  sodiu9 
metantimonitcs  are  formed ;  by  fusing  antimony  with  potassium  nitrate, 
and  extracting  the  mass  with  water,  potassium  dihydrogen  orthoantiBUh 
nate  may  be  formed.     Antimony  trioxide  may  be  acted  upon  by  sttlpkuru 
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acid  to  form  antimony  sulphdtes  which  are  readily  hydrolyzed  by  water^ 
and  a'basic  antimony  nitrate  is  also  definitely  kno7vn. 

Antimony  trihydride,  a  colorless  gas,  made  by  acting  upon  soluble 
compounds  of  antimony  with  nascent  hydrogen,  bums  in  air  to  form 
antimony  trioxide^  and  when  heated  dissociates  into  antimony  and 
hydrogen. 

Antimony  trichloride  may  be  made  by  acting  upon  antimony  trioxide 
with  hydrochloric  acid^  and  by  the  direct  combination  of  antimony  with 
chlorinCy  and  is  decomposed  by  water  with  formation  of  antimony  oxy- 
chlorides.  Antimony  pentachloride  may  be  made  by  acting  upon  anti- 
mony trichloride  with  chlorine.  Antimony  bromides  and  iodides  may  be 
similarly  formed. 

Antimony  trisulphide  and  antimony  pentasulphide  may  be  formed  as 
precipitates  by  the  action  of  hydrogen  sulphide  in  presence  of  an  acid 
upon  antimonious  compounds  in  solution,  and  are  acted  upon  by  sodium 
sulphide  or  by  ammonium  sulphide  with  the  formation  of  soluble  sulph- 
antimonites  and  sulphantimonates  respectively,  which  are  decomposed  by 
acids  with  formation  of  the  corresponding  antimony  sulphides. 

Bismuth,  Bl^  208.5 

Bismuth,  a  comparatively  rare  element,  is  found  chiefly 
uncombined,  sometimes  in  pure  condition,  but  more  fre- 
quently mixed  with  small  amounts  of  other  metals,  from  which  it  may  be 
separated  by  melting  at  low  temperatures.  It  is  also  found  combined 
in  certain  rare  minerals,  such  as  bismuth  ochre,  BigOs,  and  bismuthinite, 
Bi^Sj,  from  which  bismuth  may  be  obtained  by  treatment  with  hydro- 
chloric acid,  and  reduction  of  the  resulting  basic  bismuth  chloride  with 
carbon  in  the  presence  of  a  suitable  flux. 

Bismuth  is  a  reddish  white  metal  of  specific  gravity  9.9,  and  very 
brittle.  It  may  be  melted  at  265°,  and  at  about  1300°  it  boils,  forming 
a  vapor  of  specific  gravity  about  320  intermediate  between  the  values 
corresponding  to  the  molecular  symbols  Bi  and  Bij.  The  molten  metal 
expands  slightly  on  cooling  and  tends  to  form  crystals,  which  may  be 
obtained  by  breaking  the  superficial  crust  which  forms  before  the  metal 
solidifies  entirely,  and  pouring  out  the  molten  interior.  Bismuth  is  but 
little  affected  by  air  or  by  water  at  the  ordinar>'  temperature,  but  when 
strongly  heated  bums  in  air,  and  at  high  temperatures  slowly  decomposes 
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steam.  It  is  attacked  by  nitric  acid  and  by  hot  sulphuric  acid,  bat  is 
unaffected  by  hydrochloric  acid.  It  combines  directly  with  chloiine 
and  similar  elements. 

Bismuth  forms  with  lead,  tin,  and  cadmium,  alloys  which 
Alloys* 

melt  at  low  temperatures.  Rose's  metal,  which  is  com- 
posed of  2  parts  bismuth,  i  part  lead,  and  i  part  tin,  melts  at  93.7^00(1 
Wood's  metalf  4  parts  bismuth,  2  parts  lead,  i  part  tin,  i  part  cadmium, 
melts  at  60.5°,  both  melting  below  the  temperature  of  boiling  water. 
Several  such  fusible  metals  are  employed  as  solders,  and  as  safety  plucs 
for  boilers  and  for  automatic  sprinklers.  Bismuth  alloys  are  ako,  by 
reason  of  their  slight  expansion  in  volume  on  cooling,  useful  in  sttnotrp 
ing.  Joined  to  antimpny,  bismuth  forms  a  ihermo'electric  couple  exceed- 
ingly sensitive  to  a  slight  variation  of  temperature  at  their  point  of 
juncture.  The  compounds  of  bismuth  are  used  in  making  cosmetics 
and  medicinal  preparations. ' 

Bismuth  is  capable  of  forming  some  salts  in  which  it  is  a 
positive  ion. 
Bltmath  When  bismuth  is  heated  with  concentrated  sulphuric 

Sulphates,  acid,  sulphur  dioxide  is  evolved,  and  the  evaporation  of  the 
excess  of  acid  leaves  a  white  amorphous  mass  of  normal  bismuA  sul- 
phate, Bij(S04)j. 

2  Bi  -f  6  H2SO4  =  BisCSOOs  -f  6  H,0  +  3  SO, 

By  the  combination  of  bismuth  sulphate  with  a  small  amount  of  water, 
crystals  of  hydrated  salts  may  be  obtained  of  which  Bi,(S04),  •  3  HjO 
may  serve  as  an  example. 

With  large  amounts  of  water,  bismuth  sulphate  undergoes  hydrolytic 
decomposition,  with  formation  of  a  basic  bismuth  sulphate,  of  which  se\'- 
eral  have  been  obtained.  Thus  water  acts  upon  normal  bismuth 
sulphate,  Bi2(S04)8  to  form  a  basic  bismuth  hydroxysulphate  of  ibe 
composition  Bi2(OH)4S04. 

/0\o/0 
Bi-O/^O 

)S>Co  +  •  H-O-H  =. 
Bi-OV,/0 
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This  salt,  upon  heating,  loses  water  with  formation  of  an  oxysalt, 
131202(804),  which,  when  strongly  heated,  evolves  sulphur  trioxide,  and  is 
converted  to  bismuth  trioxide. 

The  normal  and  basic  bismuth  sulphates  may  also  be  obtained  by  act- 
ing upon  bismuth  trioxide  with  sulphuric  acid. 

Bismath  When  bismuth  is  acted   upon  by  nitric  acid,  a  so- 

Ifitrates.  lution  is  formed  from  which  neutral  bismuth  nitrate^ 
Bi(N03)8  •  5  HjO,  may  be  obtained  as  white  crystals, 

/O-NO2 
Bi  +  4  H-O-NOj  =  Bi-O-NO,  +  2  H-0~H  +  N=0 

\O-NO2 

and  the  same  compound  may  be  obtained  by  acting  upon  bismuth  trioxide 
with  nitric  acid. 

The  neutral  bismuth  nitrate  may  be  dissolved  in  a  suitably  small 
amount  of  water,  but  more  water  forms  an  insoluble  basic  salt.  Water 
acts  upon  bismuth  nitrate,  Bi(N03)8,  according  to  proportions,  to 
form  bismuth  hydroxy  nitrate^  Bi(OH)(N03)2, 

/O-NO2  /0-H 

Bi— O-NO2  +  H-O-H  =  Bi-O-NOa  +  H-O-NO2 
\O-NO2  \O-NO2 

or  bismuth  dihydroxynitrate^  Bi(OH)2N03, 

/O-NOs  /0-H 

Bi— O-NO2  +  2H-O-H  =  Bi— 0-H    -f  2H~0-N02 
\0-NOa  \O-NO2 

or  other  salts  still  more  basic  and  more  nearly  approaching  the  composi- 
tion of  bismuth  hydroxide.  Upon  heating,  the  basic  bismuth  hydroxy- 
nitrates  evolve  water,  tending  to  form  oxysalts,  which  in  turn  are 
decomposed  by  further  heating  until  bismuth  trioxide  remains. 

When  a  few  drops  of  clear  solution  of  bismuth  nitrate,  Bi(N08)8,  such 
as  may  be  obtained  by  acting  upon  bismuth  nitrate  with  nitric  acid,  are 
poured  into  a  large  mass  of  water,  if  the  solution  does  not  contain  too 
much  free  acid,  basic  bismuth  hydroxy  nitrate  may  form  as  a  white  pre- 
cipitate, which  may  be  acted  upon  by  a  suitable  amount  of  nitric  acid. 

When  crystallized  neutral  bismuth  nitrate  is  heated  it  is  hydrolyzed  by 
its  own  water  of  crystallization  forming  hydroxysalts  or  oxysalts.  The 
compounds  BiOH(N08)2,  Bi(OH)2N08,  BiOCNOg),  as  well  as  others  of 
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similar  constitution,  may  be  obtained  in  this  manner.    The  white  insolu- 
ble powder  largely  used  in  medicine  under  the  name  bismuth  subnitrak 
consists  of  the  compounds  Bi(OH)2N03  and  Bi(OH)(NOs),. 
Insoluble  Some  bismuth  salts  may  be  formed  as  precipitates  by  add- 

Bismuth  ing  suitable  reagents  to  solutions  of  bismuth  compounds. 
Salts.  When  we  add  a  solution  of  sodium  carbonate,  or  other 

carbonate,  to  a  solution  of  bismuth  nitrate,  Bi(N08)s,  a  white  pre- 
cipitate of  a  basic  bismuth  carbonate^  of  composition  varying  with  the 
conditions,  is  formed,  which  is  acted  upon  by  acids,  and  decomposed  by 
heating,  with  formation  of  bismuth  trioxide.  The  salt  ordinarily  pre- 
cipitated by  sodium  carbonate  from  cold  solutions  has  the  composition 
Bi4(OH)A(C03)8. 

4  Bi(N03)8  -f  6  Na^COs  +  H,0  =  Bi4(OH)203(C03)j  +  1 2  NaNOj  -h  4  CO; 

When  potassium  chromate,  KaCr04,  or  other  soluble  chromate,  is 
added  to  a  solution  of  bismuth  nitrate,  a  yellow  precipitate  of  has*' 
bismuth  chromate,  Bi20(Cr04)2,  is  formed,  and  this  is  acted  upon  by 
dilute  nitric  acid. 

2  Bi(N03)3  -f  3  KaCrO*  +  HgO  =  Bi20(Cr04),  +  6  KNO3  +  H/TrO* 

Among  other  bismuth  salts  which  may  be  formed  are  bismuth  ortk^- 
phosphate,  BiP04,  bismuth  orthoarsenate^  BiAs04,  bismuth  orthoant- 
monatCy  BiSb04,  and  corresponding  oxysalts. 

Binary  Bismuth  combines  directly  with  chlorim  and  similar  ek- 

Bismuth         ments  and  with  sulphur  to  form  binary  compounds. 
Compounds.        When  bismuth  is  heated  in  a  stream  of  chlorine,  ^ifurir/^ 
trichloride,  BiClg,  is  formed  as  a  white  crystalline  mass,  melting  at  220', 
and  boiling  at  about  447**. 

2  Bi  +  3  Cl-Cl  =  2  Bi-Cl 

\C1 

Bismuth  trichloride  forms  many  double  compounds,  as,  for  example. 
4  NH4CI  •  BiClg,  3  KCl  •  BiClg,  etc.  From  the  residue  left  after  evapo- 
rating the  water  from  solutions  formed  by  acting  upon  bismuth  trioxide 
with  hydrochloric  acid,  bismuth  trichloride  may  be  distilled,  and  from 
the  solution  containing  hydrochloric  acid  the  hydrated  compound*. 
2  BiClg  •  HCl  •  3  H2O,  may  be  obtained. 
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Water  acts  upon  bismuth  trichloride  to  form  bismuth  oxychloride, 
BiOCl,  a  white  precipitate. 

Bi-Cl  +  H-O-H  =  BifX,  +  2H-CI 
\Cl  ^^^ 

The  formation  of  this  insoluble  basic  chloride  by  diluting  with  water 
the  hydrochloric  acid  solution  containing  bismuth  is  one  of  the  analyti- 
cal tests  frequently  employed  in  identifying  bismuth  compounds. 

Bismuth  tribrotnide^  BiBrj,  bismuth  triiodide,  Bil,,  and  bismuth  triflu- 
oride,  BiFg,  and  corresponding  oxysalts  and  double  salts,  are  also  known. 

When  bismuth  is  heated  with  suitable  proportions  of  sulphur, 
bismuth  trisuifhide,  BigSs,  may  be  formed  as  a  dark  crystalline  mass. 

Bi=S 
2Bi  +  3S=       >S 

Bi4s 

Bismuth  trisulphide  may  also  be  formed  as  a  black  precipitate  by  adding 
hydrogen  sulphide  or  other  soluble  sulphide  to  a  solution  of  bismuth 
trichloride,  BiClg,  or  other  bismuth  compound. 

2  BiClj  -f  3  HjS  =  BisSa  +  6  HCl 

The  precipitate  is  acted  upon  by  boiling  nitric  acid  with  formation  of 
bismuth  nitrate,  and  when  strongly  heated  in  the  air  it  is  oxidized  with 
formation  of  bismuth  trioxide.  Bismuth  trisulphide  is  found  native  as 
bismuthinitey  a  crystallized  mineral. 

• 

HydroxMtB  ^^  hydroxides  and  oxides  of  bismuth  may  be  made  from 

and  Oxid€».       fi^g  bismuth  salts. 

^-  When  sodium  hydroxide  or  any  other  soluble  basic 

Bi^^H  hydroxide  is  added  to  a  solution  of  bismuth   nitrate, 

Bi(N03)8,  or  bismuth  trichloride,  BiClg,  or  other 
bismutl^  compound,  a  white  flocky  precipitate  is  formed,  which  is 
probably  for  the  most  part  bismuth  hydroxide ^  Bi(0H)3,  contaminated 
somewhat  with  a  basic  salt.  The  contaminating  basic  salt  of  bismuth 
is  present  to  a  less  degree  when,  in  forming  the  hydroxide,  the  bismuth 
salt  is  added  in  solution  to  an  excess  of  alkali  hydroxide  and  the 
excess  of  this  neutralized  by  cautious  additions  of  an  acid. 

/O-NO2  /0-H 

Bi-O-NO,  +  3Na-0-H  =  Bi-O-H  +  3Na-0-N0, 
\O-NO2  \0-^H 
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When  the  flocky  precipitate  of  bismuthliydroxide,  Bi(OH)a,  is  dried 
at  100°,  a  white  insoluble  residue  of-  bismuth  oxyhydroxide^  BiO(OH), 
remains, 

Bi-o-H  =  mri    „  +  H-O-H 

\0-H  ^<^-" 

which,  upon  further  heating,  evolves  water,  forming  bismuth  tricxidt, 
liiA- 

Bismuth  trioxide  may  also  be  formed  by  heating  bismuth  in  air. 

Bi=0 
4Bi  +  30  =  0  =2       >0 

Bi4:0 

When  bismuth   hydroxide,  Bi(0H)3,  is   precipitated   in  the  presence 
of  a  suitable  reducing  agent,  such  as  sodium   stannate,  part  of  the 
bismuth  hydroxide  is  reduced  to  bismuth. 
>^  Bismuth  oxyhydroxide,  BiO(OH),  is  an  insoluble  white 

\0— H  powder,  unacted  upon  by  basic  hydroxides.  Bismuth  tri- 
oxide, BijjO^,  is  a  yellow  powder  of  specific  gravity  8.2,  insoluble  in 
water,  unacted  upon  by  basic  hydroxides.  It  occurs  naturally  as  a 
mineral  bismuth  ochre,  and  is  made  artificially  by  heating  bismuth  ni- 
trate^  or  other  bismuth  compounds,  and  alsp  by  roasting  the  bismuth 
ores.  The  flocky  bismuth  hydroxide  and  the  powdery  bismuth  oxyhy- 
droxide  and  bismuth  trioxide  are  acted  upon  by  strong  ;icids,  such  as 
sulphuric  acid,  nitric  acid,  and  hydrochloric  acid,  with  formation  of  the 
corresponding  bismuth  salts. 

Bismuthic  oxy hydroxide,  Bi02(0H)  (bismuthic  acid),  may  be  obtaine*^. 
as  a  red  powder  by  passing  chlorine  into  a  hot  solution  of  potassium 
hydroxide  containing  bismuth  oxyhydroxide,  BiO(OH),  or  bis- 
muth trioxide,  BigOs,  in  suspension,  and  acting  upon  the  residue  with 
dilute  nitric  acid. 

Bi^^n    w  +  Cl-a  +  2K-O-H  =  Bi=0  +  2K-a  +  H-O-H 

N^-"  \0-H 

It  may  also  be  made  by  fusing  bismuth  basic  nitrates  with  potassium 
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hydroxide  in  presence  of  air,  and  acting  upjn  the  residue  with  water 
and  with  dilute  nitric  acid. 

The  action  upon  bismuth  oxyhydioxi«le  of  suitable  oxidizers,  such 
as  chlorine,  in  presence  of  alkali  hydroxides,  appears  in  the  processes 
described  to  form  at  first  unstable  and  indefinite  alkali  salts  of  bismuthic 
acidy  which,  if  they  actually  exist,  are  easily  decomposed. 

Bismuthic  oxyhydroxide,  Bi02(0H),  when  heated  to  120°,  loses 
ivater  and  is  converted  to  bismuth  pintoxide^  Bi-jOj,  a  brown  powder, 

2Bi=0  =     >0+H-0-H 

\0-H       ^/<0 

and  at  225**  bismuth  pentoxide,  BigOj,  evolves  oxygen  and  yields 
brown  bismuth  te tr oxide ^  ^vf^^. 


2    ^O  =  2   I J^  +  0=0 


which  on  further  heating  evolves  more  oxygen,  forming  bismuth 
trioxide. 

Bismuth  pentoxide  and  bismuth  tetroxide  are  both  acted  upon  by 
sulphuric  acid  and  by  hydrochloric  acid,  with  evolution  of  chlorine. 

The  existence  of  unstable  bismuth  compounds  of  lower  valence 
corresponding  to  the  symbols  Bi2Cl4,  BijjS2,  and  Bi^O^,  has  been  both 
affirmed  and  denied,  such  compounds  having  characteristics  which 
might  be  attributed  to  mixtures  of  finely  divided  metallic  bismuth  with 
the  familiar  bismuth  trichloride,  BCls,  bismuth  trisulphide,  BijSs,  and 
bismuth  trioxide,  BigOg. 

Bismuth  may  be  acted  upon  by  strong  acids  with  forma- 
tion of  salts,  which  are  very  readily  changed  into  insoluble 
basic  compounds  by  action  of  water ;  some  bismuth  salts  may  be  made  as 
insoluble  precipitates  ;  bismuth  combines  with  chlorine  to  form  chlorides, 
TV  hie h  are  changed  by  water  to  insoluble  basic  chlorides;  insoluble 
bismuth  trisulphide  may  be  formed  by  combination  of  bismuth  with 
sulphur  or  by  precipitation  from  solutions  of  bismuth  salts. 
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By  the  action  of  basic  hydroxides  upon  solutions  of  bismuth  salts, 
bismuth  hydroxide  is  precipitated,  and  when  heated,  yields  bismuth  ox\- 
hydroxide  or  bismuth  trioxide,  both  insoluble ;  bismuth  tricxide  ma) 
also  be  formed  by  burning  bismuth  in  air;  by  the  action  of  rtducini 
agents  flocky  bismuth  hydroxide  may  be  partially  reduced  to  mtallic 
bismuth  ;  and  by  oxidizing  bismuth  oxyhydroxide  or  bismuth  tricxide  in 
presence  of  an  alkali  hydroxide,  bismuthic  oxyhydroxide  is  ottainfii, 
which  upon  heating  gives  bismuth  pentoxide,  bismuth  tetrojddty  and 
bismuth  trioxide,  successively. 


Group  VI. 


CHAPTER  IX 

PRIMARY  SERIES  — GROUP  VI 

Oxygen,  0,  16.00 

Sulphur,  S,  32.06 

Selenium,  Se,  79.2 

Tellurium,  Te,  [127.6] 

The  elements  of  the  sixth  group  of  the  primary  series 
occur  both  free  and  combined  as  widely  distributed  con- 
stituents of  our  earth. 

Ozyeen  Oxygen,  in   free  condition,  forms  about  one  fifth  part 

and  the  by  volume  of  our  atmosphere^   while    in    combination    it 

Atmosphere.  {qxts\%  about  eight  ninths  part  by  weight  of  the  ocean  and 
other  bodies  of  water,  and  enters  largely  into  the  composition  of  most 
rocks,  particularly  the  silicates  and  the  carbonates,  and  the  oxides  of  the 
various  metals.  It  has  been  estimated  that  oxygen  comprises  nearly 
one  half  the  weight  of  the  earth's  solid  crust.  Sulphur,  in  free  condition, 
is  found  crystallized  in  certain  volcanic  regions,  while  its  salts  —  princi- 
pally the  sulphates — and  its  binary  compounds  with  the  common  elements 
known  as  sulphides^  constitute  many  common  minerals.  The  principal 
natural  sulphate  is  gypsum^  CaS04  •  2  H2O,  found  in  large  areas,  while 
pyrite,  FeSa,  is  the  most  common  of  the  natural  sulphides*  Both  oxygen 
and  sulphur  are  found  in  animals  and  plants,  oxygen  in  water  and  all 
carbohydrates  and  proteids,  and  sulphur  in  some  proteids  and  similar 
bodies.  Selenium  and  tellurium  are  found  native  in  very  small  amounts, 
usually  associated  with  sulphides.  Certain  binary  compounds  of  selenium 
and  tellurium  with  other  elements  constitute  a  few  rare  minerals. 

Oxygen  is  a  colorless,  odorless  gas,  supporting  the  combustion  of 
many  substances,  and  combining  with  all  other  elements  except  fluorine. 
An  allotropic  modification  of  oxygen,  known  as  ozone,  more  active  than 
ordinary  oxygen,  may  be  made  in  various  ways,  and  is  readily  changed 
into  ordinary  oxygen.     Oxygen  is  the  most   electro-negative  of  the 
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elements,  and  forms  stable  oxides  with  electro-positive  and  with  electro- 
negative elements.  From  the  oxides  many  hydroxides  may  be  nuilc 
directly,  while  some  are  made  only  indirectly  ;  the  lower  oxides  of  electro- 
positive elements  are  basic,  while  those  of  electro-negative  elements,  ai 
well  as  some  higher  hydroxides  of  positive  elements,  are  acidic.  Oxygea 
generally  is  a  constituent  of  the  negative  ion  in  acids,  bases,  and  balta. 

Sulphur,  ordinarily  a  pale  yellow  crystalline  solid,  is  known 
also  as  a  soft,  yellowish  brown,  amorphous  solid,  and  ia 
certain  other  rarer  allotropic  forms.  All  forms  of  sulphur  are  insoluble 
in  water.  Sulphur  dioxide,  SO2,  formed  by  burning  sulphur  in  air  or 
oxygen,  dissolves  in  water,  forming  the  solution  known  as  suJphurous 
acidy  H2SO3,  which  forms  with  bases  the  salts  known  as  sulphiks. 
Sulphur  trioxide,  SO3,  found  by  oxidizing  sulphur  dioxide,  combines 
with  water,  forming  sulphuric  acidy  H2SO4,  one  of  the  strongest  known 
acids,  which  forms  with  bases  the  salts  known  as  sulphates.  In  these, 
and  still  other  hydroxides  and  salts,  sulphur  is  a  constituent  of  the  nega- 
tive ion.  Sulphur  also  forms  binary  compounds,  known  as  sulphide*. 
by  the  direct  combination  of  sulphur  with  positive  elements,  and  a!>o 
by  the  replacement  of  the  hydrogen  in  hydrogen  sulphide,  HjS,  b} 
positive  elements.  Other  binary  compounds  of  sulphur  with  mere 
electro-negative  elements,  such  as  the  sulphur  chlorides,  may  be  maJe 
by  direct  combination  of  sulphur  with  elements  and  in  other  ways. 

Selenium  and  tellurium,  in  their  chemical  relations,  are  very  similar  to 
sulphur.  They  form  oxides  and  hydroxides  which  exhibit  acidic  proper- 
ties, forming  with  bases  salts  in  which  selenium  and  tellurium,  respectively, 
are  electro-negative.  Tellurium  hydroxide  shows  a  slight  tendency  i^ 
act  as  a  base.  The  binary  compounds  of  selenium  and  tellurium  a.t 
similar  to  the  analogous  sulphur  compounds. 

The  prevailing  valence  of  the  elements  in  the  third  group  is  IV  and 
VI,  and  sometimes  a  valence  of  II  is  exhibited. 

Oxygen,  0,  16.00 

Properties  Oxygen,  discovered  by  Priestley,   in  England,  in  i774« 

of  Oxygen,  ^sid  by  Scheele,  in  Sweden,  in  1775,  occurs  free  in  it- 
mospheric  air,  of  which  it  forms  about  one  fifth  part  by  volume.  It  > 
a  colorless,  odorless  gas,  of  specific  gravity  15.90,  slightly  soluble  ^ 
water,  somewhat  more  soluble  in  alcohol.     One  liter  of  oxygen,  at  0' 
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and  760  mm.  pressure,  weighs  1.4291  grm.  Its  critical  temperature  is 
— 118°,  and  its  critical  pressure  is  50  atmospheres.  Liquid  oxygen,  of 
bright  blue  color,  at  —  118°  has  a  specific  gravity  of  0.65,  and  under 
I  atmosphere  pressure  boils  at  ~  184®.  Oxygen  has  also  been  obtained 
as  a  snow-white  solid.  It  is  strongly  electro-negative,  and  combines 
readily  with  most  of  the  other  elements,  and  may  be  made  to  combine 
with  all  elements  individually  excepting  fluorine,  bromine,  and  the  inert 
atmospheric  elements.  The  atomic  weiglit  of  oxygen,  based  upon  that 
of  hydrogen,  is  15.88,  while  the  molecular  weight,  indicated  by  the 
specific  gravity,  is  31.76,  showing  oxygen  to  be  diatomic,  its  molecular 
symbol  being  O^.  Generally,  however,  the  atomic  weight  of  oxygen  is 
taken  as  16.00  and  is  used  as  a  standard  upon  which  to  base  the  atomic 
weights  of  the  other  elements,  the  atomic  weight  of  hydrogen  in  such  a 
system  being  1.0075. 

Atmoflpheiic  ^^  *^  possible  to  concentrate  oxygen  in  air  by  mechanical 
Oxygen.  means.     If  air  be  slowly  passed  through  a  narrow  tube  of 

porous  earthenware,  surrounded  by  an  outer  jacket  connected  with  an 
aspirator,  the  nitrogen,  being  slightly  lighter  than  the  oxygen,  will  diffuse 
through  the  porous  wall  into  the  outer  jacket  more  rapidly  than  the 
oxygen,  and  the  mixture  passing  out  of  the  porous  tube  will  be  richer  in 
oxygen  than  the  air  that  entered  it.  The  oxygen  of  the  air  dissolves  in 
water  in  larger  relative  proportion  than  the  nitrogen,  so  that  air  recovered 
from  solution  in  water  contains  a  larger  proportion  of  oxygen  than  does 
ordinary  air. 

"  Liquid  Air,  which  has  a  critical  temperature  of  —  140°  and  a 

^^•"  critical  pressure  of  39  atmospheres,  may  be  liquefied,  but 

so-called  liquid  air  may  contain  as  much  as  54  per  cent,  of  oxygen  by 
weight,  although  air  in  gaseous  condition  contains  only  23  per  cent,  of 
oxygen  by  weight.  Moreover,  when  liquid  air  is  evaporated,  either 
spontaneously,  or  by  boiling  at  —  190®,  the  nitrogen,  which  has  a  boiling 
point  of  —  194°,  passes  off  first  in  almost  pure  condition,  leaving  the 
oxygen  behind,  until  finally  a  liquid  is  obtained  which  contains  as  much 
as  94  per  cent,  by  weight  of  oxygen. 


Pnparation  Por  the  preparation  of  oxygen  7ve  go  ordinarily  to  the 

of  Oxygen.        oxygen  Compounds  —  the  oxides,  hydroxides ,  and  salts. 
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Oxygen  Oxygen  may  be  prepared  from  water,  the  most  common 

from  Water.  ^  ^  oxides,  by  the  dissociating  action  of  heat.  We  have 
already  seen  that  when  molten  platinum  is  poured  into  water,  the  water 
is  decomposed  into  a  mixture  of  hydrogen  and  oxygen. 

Q  The  oxides  of  some  metals  eiwhe  all  their  oxyf^  tphtn 

from  Oxides  heated,  forming  a  residue  of  the  uncombined  metal,  Mer- 
of  Metals.  curie  oxide,  HgO,  a  red  powder,  formed  by  carefully 
heating  mercury  in  oxygen  or  air  at  low  temperature,  when  stroDgiy 
heated  is  readily  decomposed  into  mercury  and  oxygen. 

If  a  little  mercuric  oxide  is  heated  in  a  glass  tube,  closed  at  one  end,  the 

mercury  will  be  seen  to  sublime  in  bright  globules  on  the  walls  of  the 

tube,  while  the  evolution  of  oxygen  may  be  shown  by  the  effect  on  i 

glowing  splinter  held  at  the  mouth  of  the  tube.    To  prepare  lar^r 

quantities  of  oxygen,  the  mercuric  oxide  may  be  heated  in  a  locg 

glass  tube  placed  in  a  furnace  of  Bunsen  burners. 

Certain  peroxides   of  metals,   containing  relativeh  hicn 

Peroxides.  .^  ,  .  Vr    ,    .  ^     \    .: 

amounts  of  oxygen,  evolve  part  of  thetr  oxygen  when  nmi 

forming  residues  of  other  loiver,  more  stable,  oxides  of  the  elements 

Barium  dioxide,  Ba02  (barium  peroxide),  a  white  or  grayish  whi:^ 

powder,  when  heated  in  a  partial  vacuum,  gives  up  half  of  its  oxygen. 

leaving  a  residue  of  barium  monoxide,  BaO. 


Ba^L 
Ba<  I 


=  2Ba=0  -f  0=0 


By  heating  at  lower  temperature,  in  the  presence  of  air  forced  int^' 
the  retorts  under  pressure,  the  residue  of  barium  monoxide,  BaO,  naf 
be  oxidized,  forming  barium  dioxide,  Ba02. 


^"=^  +  0=0  =  2Ba<? 


Ba=0 
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By  again  partially  exhausting  the  retort,  and  increasing  the  temperature, 
the  evolution  of  oxygen  may  be  repeated,  and  the  process  may  thus  be 
made  continuous  without  supplying  more  barium  monoxide.  This  is 
ffrirCs  process  for  the  manufacture  of  oxygen. 

Some  peroxides  may  be  acted  upon  by  reagents  with  the  evolution  of 
oxygen  y  and  the  formation  of  salts  containing  a  lower  proportion  of  oxygen 
than  was  present  in  the  peroxides. 

Manganese  dioxide,  Mn02  (manganese  peroxide),  may  be  acted 
upon  by  sulphuric  acid,  with  the  evolution  of  oxygen  and  the  forma- 
tion of  manganous  sulphate,  MnS04. 

Electiolysit  Certain  hydroxides^  which  act  as  electrolytes,  may  be  made 
of  Hydros-  to  evolve  oxygen,  together  with  hydrogen,  by  the  action  of  the 
ides.  electric  current     We  have  seen  that  the  positive  hydrogen- 

ions  of  sulphuric  acid,  in  water  solution  and  under  the  action  of  the 
current,  are  evolved  as  hydrogen,  Hj,  at  the  negative  pole ;  and  that  the 
negative  sulphur-oxygen- ions  decompose  at  the  positive  pole,  evolving 
oxygen,  Os,  and  forming  sulphur  trioxide,  SO3. 

HjSO^  =»  2  H  -}-  S0« 

2  H  =  H, 

2  504  =  2  SO3  -f  Os 

Since  the  liberated  sulphur  trioxide  combines  with  water  to  form  more 
sulphuric  acid,  the  process  may  be  made  a  continuous  one  for  the  prepara- 
tion of  hydrogen  and  oxygen  by  the  indirect  decomposition  of  water  by 
electricity.  The  hydrogen  and  oxygen  may  be  evolved  together  and 
collected,  as  "  detonating  gas,"  or  they  may  be  collected  separately. 

We  have  seen  likewise  that  some  basic  hydroxides,  like  sodium 
hydroxide,  in  solution  and  under  the  action  of  the  electric  current  will 
evolve  hydrogen  and  oxygen. 

4NaOH  =  4Na-i-4Hb  =  4  Na -f  2  H,0 -|- O2 
a  Na+  2  H,0  ^  2  NaOH  -f- H^ 
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Oxygen  Certain    salts,    containing   oxygen,    evolve   oxygen  whet 

from  Salts,  heated.  Potassium  chlorate,  KClOj,  rich  in  oxygcc. 
readily  decompoies  when  heated,  continuing  to  evolve  oxygen  unti^ 
a  fused  residue  of  potassium  chloride  is  left  behind. 

K-10l-Cl(g 


K-!0 


J:^  =  2  K-Cl  +  3  Q=0 


The  operation  may  be  conducted  to  best  advantage  by  mixing  the 
potassium  chlorate  with  an  equal  quantity  of  manganese  dioxiiie, 
MnO^,  and  gently  heating  the  mixture  in  a  round -bottomed  flask  o: 
metal  retort.  The  manganese  dioxide  helps  the  reaction  by  diffusing  ihe 
heat  throughout  the  mass,  and  thus  preventing  its  fusion  before  ih^ 
oxygen  is  all  evolved,  and  it  may  also  exert  a  "  catalytic  action,"  im\>!r- 
ing  a  temporary  formation  of  potassium  permanganate,  KMnO^,  fr^'a 
which  manganese  dioxide  is  regenerated. 

Oxygen  may  be  evolved  from  some  salts,  rich  in  oxygen,  by  the  tutc 
of  suitable  reagents.  Potassium  permanganate,  KMn04,  rich  " 
oxygen,  is  readily  decomposed  by  the  action  of  sulphuric  acid  witi 
the  formation  of  potassium  sulphate,  K,S04,  manganous  sulphate,  MnS(', 
water,  and  oxygen. 

2  KMn04  4-  6  Hj^04  =  2  KsS04  +  4  MnS04  +  6  H,0  +  5O. 

Similarly,  potassium  dichromate,  KjCrgOj,  is  readily  acted  upon 'it 
sulphuric  acid,  with  formation  of  potassium  sulphate,  KjSO^, chroaiK  I 
sulphate,  02(804)3,  water,  and  oxygen. 

4  KoCrA  +  8  HsS04  =  2  K2SO4  +  2  Cr2(S04)3  +  8  HjO  +  3^: 
So  also,  the  so-called  bleaching  powder,  CaOClj,  a  compound  re« 
sembling  both  calcium  hypochlorite,  Ca(OCl)j,  and  calcium  chlon.^ 
CaCl2,  gradually  gives  up  its  oxygen  under  the  catalytic  action  of  cf 
tain  hydroxides,  like  cobaltous  hydroxide,  Co(OH)j,  or  cobalt  c 
hydroxide,  Co(OH)3. 

CaOClj  +  H2O  -I-  2  Co(OH)2  =  CaCls  -h  2Co(OH)s 
CaOClg  -I-  2  Co(OH)3  =  2  Co(OH)a  +  CaCU  -f  H,0  +  0. 


When  oxygen  is  acted  upon  by  a  silent  discharge  cj  f" 

incity,  tt  acquires  a  peculiar  odor  and  decreases  in  ?*''*■•' 

Such  oxygen  may  contain  as  much  as  3  or  6  per  cent,  of  an  a&?K* 
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modification  of  oxygen ^  known  as  ozone,  discovered  by  Sckonbein  in  18 40, 
When  the  oxygen  containing  ozone  is  heated,  it  increases  in  vohime,  and 
the  ozone  changes  into  ordinary  oxygen.  It  has  been  found  that  the 
volume  of  the  oxygen  formed  by  heating  ozone  is  i^  times  the  volume 
of  the  ozone  which  is  heated,  from  which  we  may  conclude  that  the 
specific  gravity,  and  therefore  the  molecular  weight,  of  ozone  is  48.00, 
or  i^  times  the  specific  gravity  and  molecular  weight  of  ordinary 
oxygen.  While  ordinary  oxygen  is  diatomic,  having  the  molecular 
symbol  Oj,  ozone  appears  to  be  triatomic,  and  may  be  represented  by 
the  molecular  symbol  O.,.  We  may  represent  the  formation  of  ozone 
by  the  action  of  a  silent  discharge  of  electricity  upon  ordinary  oxygen 
as  a  condensation  of  three  molecules  of  oxygen  into  two  molecules  of 
ozone. 

xo=o 

o 

0-0 
0=0\ 


The  formation  of  ordinary  oxygen  from  ozone  is  the  exact  reverse  of 
this  reaction.  A  convenient  form  of  apparatus  for  thus  producing  ozone 
is  the  Siemens^  tube^  which  consists  of  two  glass  tubes,  placed  one  within 
the  other,  and  fitted  with  sheets  of  tin  foil  or  other  conducting  substance, 
to  which  are  attached  the  positive  and  negative  terminals  of  an  active 
induction  coil.  Through  the  annular  space  between  the  two  tubes  oxy- 
gen is  passed  in  a  slow  stream,  becoming  converted  into  ozone  during 
its  passage. 

Ozone  is  formed  in  small  varying  quantities  in  many  of  the  reactions 
in  which  oxygen  enters  either  as  a  product  or  as  a  factor.  The  liberation 
of  oxygen  from  its  oxides  and  other  compounds  is  frequently  accompa- 
nied by  the  formation  of  ozone.  Small  quantities  of  ozone  are  present 
in  the  oxygen  liberated  by  the  electrolysis  of  water  containing  dilute 
sulphuric  acid,  by  the  action  of  sulphuric  acid  upon  manganese  dioxide, 
and  by  the  action  of  sulphuric  acid  upon  potassium  permanganate  and 
upon  potassium  dichromate. 

Slow  Oxida-  The  slow  oxidation  of  many  substances  is  accompanied  by 
^^'  the  formation  of  ozone.     Air  that  has  been  for  some  time  ex- 

posed to  fuming  yellow  phosphorus,  partly  submerged  in  water  in  the 
bottom  of  a  covered  dish,  contains  ozone,  as  may  be  shown  by  exposing 
to  its  action  strips  of  white  paper,  moistened  with  a  solution  of  starch 
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and  potassium  iodide,  which,  in  the  presence  of  ozone,  will  be  lapidlr 

colored  blue.  u  r\    i  r\ 

6  P  -h  9  Oj  =  3  P2O5  +  O3 

Ozone  is  a  gas,  bluish  in  color  when  compressed,  having  a  character- 
istic penetrating  odor,  and  a  harmful  action  when  breathed  in  quantity. 
It  is  fifteen  times  more  soluble  in  water  than  is  ordinary  oxygen.  I: 
may  be  condensed  to  an  indigo-blue  liquid  at  very  low  temperatures 
and  high  pressures,  or  even  under  ordinary  atmospheric  pressure  at 
—  184°.  It  is  probable  that  small  quantities  of  ozone  are  present  in 
fresh  atmospheric  air,  though  it  is  difficult  to  distinguish  it  from  hydro- 
gen dioxide,  to  which  it  is  similar  in  many  reactions. 

The  instability  of  ozone,  and  the  consequent  readiness  with  which  i: 
loses  oxygen,  makes  it  a  very  strong  oxidizer.  The  liberated  oxygen, 
momentarily  in  a  dissociated  condition,  destroys  many  kinds  of  organic 
matter  with  great  readiness,  and  even  attacks  some  metals  at  ordinary 
temperature. 

The  slightest  trace  of  ozone  in  a  water  solution  of  potassinm 
iodide,  KI,  will  form  potassium  hydroxide,  KOH,  and  liberate  iodine 
and  oxygen.  The  potassium  of  the  potassium  ipdide  is  oxidized  to 
potassium  oxide,  which  forms  potassium  hydroxide  with  the  water. 

2  K-I  4-  H-O-H  -f  0<^  I  =  2  K-O-H  -f  I-I  +  0=0 

If  to  the  solution  a  little  starch  emulsion^  made  by  pouring  cold  starch 
paste  into  a  large  quantity  of  boiling  water  and  cooling,  be  added,  the 
liberation  of  the  least  amount  of  iodine  will  be  made  evident  by  the 
formation  of  a  bright  blue  starch  iodide  on  the  paper.  In  case  the  ab- 
sence of  other  oxidizing  agents  which  would  effect  the  same  result  can 
be  established,  the  blue  coloration  of  the  starch  test-paper  may  iodiate 
the  presence  of  ozone. 

Of  the  oxygen  compounds^  hydrogen  monoxide^  or  water,  if 
Monoxid;  or     the  ffiost  common.     We   have   already  noted   that  hydrp^ 
monoxide  or  water  may  be  formed  by  the  direct  combinatia:. 
of  hydrogen  with  oxygen, 

2  H-H  -f  0=0  =  2  H-O-H 

and  have  observed  in  detail  its  physical  and  chemical  properties.  ^« 
may  recall  that  the  hydrogen  burns  quietly  in  an  open  vessel  expose»l 
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to  a  free  surface  of  oxygen,  but  explosively  when  mixtures  of  hydrogen 
and  oxygen  are  ignited.  A  cold  surface  introduced  into  a  hydrogen 
flame  will  be  covered  with  water  formed  by  the  burning  hydrogen. 

Water  under  normal  atmospheric  pressure  freezes  ordinarily  at  o°,  and 
boils  at  loo**,  although  both  freezing  point  and  boiling  point  are  altered 
by  changes  in  pressure  and  by  the  presence  of  substances  dissolved  in 
the  water.  The  critical  temperature  of  water  is  370®  and  its  critical 
pressure  is  195.5  atmospheres.  Liquid  water ^  ordinarily  colorless, 
appears  greenish  blue  when  viewed  through  a  thick  layer,  and  is  taste- 
less when  pure.  Its  volume  is  slightly  affected  by  pressure  changes,  but 
noticeably  so-  by  changes  in  temperature,  since  it  occupies  its  least  biilk, 
under  760  mm.  pressure,  latitude  45**,  at  4°.  One  cubic  centimeter 
of  water  at  4°,  760  mm.  pressure,  latitude  45°,  weighs  i  gram,  and 
water  in  this  condition  has  a  specific  gravity  of  i .  The  specific  heat  of 
water  is  i  common  calorie,  its  latent  heat  of  fusion  is  79  common 
calories,  and  its  latent  heat  of  vaporization  is  536  common  calories. 
Ice^  the  solid  phase  of  water,  is  a  transparent  solid,  having  a  bluish  or 
greenish  tinge  when  viewed  in  large  clear  masses,  but  appearing  a 
brilliant  white  when  in  finely  divided  particles  which  reflect  the  light 
irregularly.  Ice  forms  hexagonal  crystals,  best  observed  in  snowflakes. 
The  specific  gravity  of  ice  is  0.9173.  Steam  is  a  colorless  vapor,  of 
specific  gravity  18.02. 

Water  in  Water  is  of  great  importance  in  the  world.     The  ocean 

the  World,  water  is  evaporated,  raised  to  the  higher  regions  by  air 
currents,  blown  about  in  partially  condensed  clouds  by  the  wind,  pre- 
cipitated as  rain  or  snow,  and  finally  carried  in  rivers  back  into  the 
ocean.  Large  bodies  of  water  equalize  the  climate  by  absorbing  and 
giving  out  heat,  while  the  erosive  effect  of  waves  and  currents  and  the 
disintegrating  action  of  the  frost  have  given  shape  to  the  continents,  at 
the  same  time  forming  fertile  soils  and  sedimentary  rocks.  By  the 
solvent  action  of  water  upon  solid  substances,  the  plant  food  in  the 
ground  is  made  available  for  absorption  and  assimilation  into  the  bodies 
of  plants,  and  Water  similarly  assists  in  the  digestion  and  assimilation  of 
food  by  animals.  All  plants  and  animal  bodies  contain  a  large  propor- 
tion of  water. 

Water  in  Water  is  a  factor  or  a  product  in  a  great  many  chemical 

Chtmieal        changes^  and  by  its  solvent  action  it  influences  many  reactions 

*ng«»-        |>^  which  its  own  composition  is  not  affected.     In  many  cases 
Q 
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water  may  be  set  free  from  compounds  which  contain  hydrogen  and 
oxygen.  Thus,  many  hydroxides,  like  calcium  hydroxide,  evoke 
water  when  they  are  heated. 

Ca<''\"^  =  Ca=0  +  H-O-H 

i 

Water  is  formed  when  many  substances  containing  hydrogen  are  oxi- 
dized, as  when  hydrogen  sulphide,  HsS,  is  burned  in  air  or  oxygen, 

2  HjS  -h  3  O2  =  2  SO2  +  2  HjO 

when  methane,  CH4,  and  other  similar  hydrocarbons,  are  bomed  in 

air  or  oxygen, 

CH4  -h  2  O2  =  2  HgO  +  COj 

and  when  alcohols,  ethers,  organic  acids,  carbohydrates,  and  proteids, 
are  completely  oxidized. 

Water  may  be  formed  by  reducing  some  oxides,  such  as  cupric 
oxide,  CuO,  with  hydrogen. 

CuO  ,+  Hj  =  Cu  +  H2O 

The  action  of  acids  upon  basic  oxides  and  basic  hydroxides  is  accom- 
panied by  the  formation  of  water.  Thus,  we  have  water  formed  when 
magnesium  oxide,  MgO,  is  acted  upon  by  sulphuric  acid, 

and  when  sodium  hydroxide  and  nitric  acid  neutralize  one  another. 


Na- 


O-H  +  H 


"^-^Co  =  N^-^-^Co  +  H-O-H 


It  has  been  shown  that  many  substances  when  in  solution  in  water 
take  part  in  chemical  changes  which  might  not  otherwise  be  possiKe. 
Water  sometimes  brings  about  the  oxidation  of  substances  by  its  ows 
decomposition.  It  is  acted  upon  by  chlorine  and  bromine,  formiRS 
hydrogen  chloride  and  hydrogen  bromide  respectively,  and  libentin? 
oxygen,  which  at  the  moment  of  its  formation  is  especially  active.  At 
high  temperatures  water  will  oxidize  carbon,  setting  free  hydrogen. 
Water  is  an  oxide  of  great  stability,  being  composed  of  the  stroD*} 
electro-positive  hydrogen  combined  with  the  strongly  electro- ncgadvc 
oxygen,  and  yields  only  to  the  most  powerful  means  of  decomposiiiosi 
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The  dissociation  of  pure  water  by  heat  begins  at  1000°,  and  progresses 
with  increase  of  temperature,  while  pure  water,  a  non-conductor  of 
electricity,  is  not  appreciably  decomposed  by  the  electric  current. 

Hydrogw  ^  secoTid  compoutid  of  hydrogen  and  oxygen,  hydrogen 

Dioxide.  dt'oxide,  richer  in  oxygen  than  hydrogen  monoxide^  may  be 

made  by  acting  upon  certain  peroxides  with  acids.  When  barium 
dioxide,  Ba02,  mixed  with  a  small  quantity  of  water,  is  gradually 
added  to  cold  dilute  sulphuric  acid,  white  barium  sulphate,  BaS04, 
is  precipitated  and  may  be  removed  by  filtering,  while  hydrogen  dioxide, 
H2O2  (hydrogen  peroxide),  will  remain  in  solution. 

^  *  SpSXg  -  K8X8 + H-o-o-H 

Instead  of  sulphuric  acid,  hydrochloric  acid  or  even  carbonic  acid  may 
be  employed.  By  evaporating  the  water  solution  of  hydrogen  dioxide 
at  70°  on  a  water  bath,  a  45  per  cent,  solution  may  be  obtained,  and  by 
evaporating  it  under  reduced  pressure  it  may  be  obtained  in  nearly 
anhydrous  condition. 

Sma//  quantities  of  hydrogen  dioxide  are  also  formed  by  the  direct  com- 
bination of  oxygen  with  hydrogen,  and  with  water.  When  oxygen  or 
air  is  passed  through  water,  containing  sulphuric  acid  undergoing  elec- 
trolysis, hydrogen  dioxide  is  found  in  the  solution  at  the  negative  pole 
where  the  hydrogen  is  set  free. 

H-H  -f  0=0  =  H-0~0-H 

When  oxygen  or  air  is  shaken  with  finely  divided  zinc  and  dilute  sul- 
phuric acid,  hydrogen  dioxide  is  formed  by  the  combination  of  the 
hydrogen,  liberated  from  the  sulphuric  acid,  with  the  oxygen  of  the  air. 

Zn  -h  HjS04  -f  O2  =  ZnS04  +  HA 

Appreciable  quantities  of  hydrogen  dioxide  may  be  formed  by  a  similar 
combination  of  hydrogen  and  oxygen  when  air  is  shaken  with  finely 
divided  zinc  and  water. 

Zn  -h  2  HjjO  -I-  O2  =  Zn(OH)2  +  HaO, 

When  yellow  phosphorus,  partly  covered  by  water,  is  allowed  to 
slowly  oxidize,  the  air  above  the  phosphorus  is  found  to  contain  ozone^ 
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and  the  water  is  found  to  contain  hydrogen  dioxide,  formed  by  the  com- 
bination of  some  of  the  active  dissociated  oxygen,  set  free  by  the  phos- 
phorus, with  the  water. 

2  P  +  3  Oa  -h  H2O  =  PA  -h  HA 

A  similar  formation  of  hydrogen  dioxide  and  ozone  takes  place  when  2 
flame  of  burning  hydrogen  or  carbon  monoxide  is  cooled  suddenir, 
by  allowing  it  to  impinge  upon  a  surface  ofwater. 

H-H  +  0=0  =  H-O-O-H 

C=0  +  0=0  -h  H-O-H  =  H-O-O-H  +  C^ 

Hydrogefi  dioxide^  HgO^  (hydrogen  peroxide),  is  a  sirupy  liquid,  of 
specific  gravity  1.49,  ordinarily  colorless,  but  bluish  when  viewed  in  2 
thick  layer.  It  is  very  soluble  in  water,  and  its  solutions  have  an  astrin- 
gent, bitter  taste.  It  evaporates  when  exposed  to  air  and  when  heateil. 
It  is  used  as  an  antiseptic  in  medicine  and  in  bleaching  coloring 
matters. 

Reduction  of  Hydrogen  dioxide^  like  ozone^  is  very  unstable,  erfoki% 
Hydrogen  oxygen  in  dissociated  condition^  and  is  therefore  a  stro^t 
Dioxide.  oxidizer.     Hydrogen   dioxide   in   concentrated   solution  is 

constantly  giving  off  some  of  its  oxygen,  and  sometimes  explodes  vio- 
lently. It  is  completely  decomposed,  when  heated,  into  water  and 
oxygen. 

Hydrogen  dioxide  will  remove  the  hydrogen  from  hydrogen  sni- 
phide,  H2S,  forming  water,  and  depositing  sulphur, 

][^S  +  H-O-O-H  =  2H-O--H  +  S 

while  lead  sulphide,  PbS,  is  oxidized  by  it  to  lead  sulphate,  PbSO|. 

.     Pb=S  +  4  H-O-O-H  =  Pb<(o)^S^+  4H-O--H 

Advantage  may  be  taken  of  this  action  to  brighten  up  old  oil  paint- 
ings which  have  become  discolored  by  long  exposure  of  the  leaJ 
compounds  of  the  paint  to  air  containing  traces  of  hydrogen  sulphide. 
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The  sulphides  of  other  metals  are  similarly  oxidized   by  hydrogen 
dioxide. 

Many  compounds  containing  oxygen  may  be  oxidized  by  hydrogen 
dioxide.    Sulphurous  acid,  H2SO8,  is  changed  by  it  into  sulphuric  acid, 

H-0 


H 


__g^=0  -h  H-O-O-H  =  hI§^S^o  "^  H-O-H 


and  chromic  acid,  HsCr04,  is  changed  by  it  into  unstable  perchromic 
acid,  HjCrjOg,  which  gives  a  characteristic  blue  color  to  ether. 

Hydrogen  dioxide,  like  ozone,  liberates  iodine  from  potassium  iodide, 
KI,  potassium  hydroxide  being  formed  in  solution. 

2  K-I  +  H-O-O-H  =  2  K-O-H  +  I-I 

The  presence  of  the  free  iodine  in  the  solution  may  be  indicated  by  its 
action  in  giving  a  blue  coloration  to  paper  moistened  with  a  solution  of 
potassium  iodide  and  starch. 

SomeHnus  hydrogen  dioxide  acts  indirectly  as  a  reducer.  When 
hydrogen  dioxide  acts  upon  ozone,  water  and  ordinary  oxygen  are 
formed. 

H-0-6-H  +    p\    =H-0-H  4-20=0 

0-0 

The  dissociated  oxygen  liberated  from  the  hydrogen  dioxide  reduces  the 
ozone.  By  a  similar  action  certain  higher  oxides  are  reduced  to  lower 
oxides,  and  some  oxides  are  completely  reduced  to  metals  by  hydrogen 
dioxide.  Manganesedioxide,  MnOs,  is  reduced  by  hydrogen  dioxide, 
HsOs,  to  manganous  oxide,  MnO, 

Mn^  -f  H-O-O-H  =  Mn=0  +  H-O-H  -f  0=0 

and  silver  oxide,  AgsO,  is  in  like  manner  reduced  to  silver. 

JSN>o  4-  H-O-O-H  =  2Ag  +  H-O-H  +  0=0 

The  oxides  of  elements  other  than  hydrogen,  as  well  as  the  hydroxides^ 
both  bases  and  acids,  and  the  salts  which  contain  oxygen,  are  best 
studied  in  detail  in  connection  with  the  elements  which  characterize 
them  individually. 
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Oxidation  Oxygen  is  the  most  electro-negative  of  all  the  element-, 

ftndCombus-  standing  below  all  other  elements  in  the  electro-chemical 
tion.  series.     It  has  a  strong  attraction  for  most  of  the  other  ele- 

ments. It  will  combine  with  all  the  elements  except  bromine,  fluonDe, 
and  the  inert  atmospheric  elements,  to  form  oxides.  Some  elements,  like 
sodium  and  potassium,  at  ordinary  temperature  oxidize  s|K>ntaneousl}, 
becoming  covered  with  a  thin  film  of  oxide,  while  at  a  higher  temperature 
they  oxidize  with  great  rapidity,  evolving  a  great  deal  of  heat,  anil  fonn- 
\ng  2Lfiame  of  gaseous  products  in  a  state  of  incandescence.  Such  rapid 
oxidation  is  known  as  combustion  or  burning,  and  the  temperature  at 
which  it  takes  place  spontaneously  is  known  as  the  kindling  Umperatun 
or  point  of  ignition.  Phosphorus,  which  oxidizes  slowly  at  ordinary  tem- 
peratures without  flame,  is  readily  ignited,  when  it  burns  with  great  violence: 
while  sulphur  may  be  oxidized  only  by  heating  it  to  its  point  of  ignition. 
Aluminium,  copper,  iron,  and  other  similar  metals  do  not  combine  with 
oxygen  spontaneously  at  ordinary  temperatures,  and  most  metals  can  be 
made  t6  burn  with  a  flame  only  when  heated  exceedingly  hot.  A  piece 
of  iron  wire,  however,  will  burn  with  violence  when  ignited  in  an  atmos- 
phere of  oxygen. 

Many  compounds  will  interact  with  oxygen,  with  the  formation  of 
oxides  of  their  characteristic  elements,  and  some  compounds,  such  as 
the  hydrocarbons  and  carbohydrates,  are  inflammable,  and  are  used  is 
fuels.  Both  elements  and  compounds  may  be  oxidized  indirectly,  bv 
heating  them  with  oxides  or  with  other  oxygen  compounds,  which  v:S 
give  up  their  oxygen.  Processes  of  combustion  in  pure  oxygen,  as  «e'l 
as  the  many  processes  of  slow  oxidation  of  substances  exposed  to  the 
atmosphere,  are  aided  by  the  presence  of  water.  Some  substances,  like 
carbon  and  phosphorus,  combustible  in  moist  oxygen  under  certain 
conditions  of  temperature,  may,  in  a  perfectly  dry  state,  be  exposed  to 
dry  oxygen  at  the  same  or  even  higher  temperatures  without  becoming 
oxidized.  Water  sometimes  acts  as  an  agent  of  indirect  oxidation,  being 
acted  upon  by  some  substances  with  the  liberation  of  oxygen,  which  in 
the  moment  of  formation  is  especially  active.  Thus,  while  dry  chlorine 
will  not  act  upon  organic  dyes  in  dry  condition,  such  coloring  matters 
are  readily  bleached  by  chlorine  in  the  presence  of  moisture.  When 
some  kinds  of  damp  organic  matter  are  confined  tightly,  they  mayabsoo 
oxygen  sufficiently  to  raise  their  temperature  to  the  ignition  |>oint,  result- 
ing in  spontaneous  combustion.  Cotton  or  woolen  rags,  mixed  with  nil 
or  other  matter  capable  of  absorbing  oxygen,  frequently  take  fire  spon- 
taneously. 

Oxidation  plays  an  important  part  in  animal  and  vegetable  physiology. 
Both  plants  and  animals  by  the  process  of  respiration  cause  the  oxidatk>c 
of  food  and  tissue  with  the  liberation  of  heat  and  mechanical  energy.  <>: 
the  other  hand,  plants  are  able,  in  the  process  oi  photosynthesis^  or  forma- 
tion of  organic  compounds  under  the  influence  of  sunlight,  to  liberate 
oxygen  from  carbon  dioxide,  while  assimilating  the  carbon. 
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Sulphur,  S,  32.06 

Sulphur  Sulphur,  a  solid,  usually  bright  yellow  in  color,  is  found  in 

Minerals.  volcanic  regions,  notably  in  Sicily,  in  free  condition,  rarely 
in  beautifully  crystallized  rhombic  octahedra,  and  more  generally  in 
intermixture  with  gypsum,  or  calcite,  or  other  minerals.  It  is  also  found 
in  combination  in  the  widely  distributed  sulphides  and  sulphates.  The 
principal  mineral  sulphides  are/yn/f,  FeS2;  ctrtna^ar,  HgS;  sphalerite ^ 
ZnS ;  stibnite^  ShjSy ;  realgar^  AS2S2 ;  and  orpiment,  AS2S3.  The  most 
important  natural  sulphates  are  gypsum,  CaS04  •  2  HgO ;  anhydfiie^ 
CaS04 ;  barite,  BaS04 ;  kieserite,  MgS04  •  HgO.  Although  some  sulphur 
is  obtained  commercially  from  natural  sulphides  which  are  worked  for 
their  metallic  constituents,  and  from  the  sulphide  residues  of  the 
Leblanc  soda  process  and  of  the  illuminating  gas  manufacture,  the 
greater  part  of  the  sulphur  of  commerce  comes  from  the  natural  deposits 
of  the  free  element  in  Sicily. 

In  this  region,  where  ordinary  fuel  is  scarce,  the  extremely 
wasteful  method  of  burning  up  a  part  of  the  sulphur  to 
secure  the  heat  necessary  to  melt  the  remainder  out  of  the  crude  ore  is 
still  in  use.  The  ore  is  so  stacked  in  pits  as  to  leave  vertical  air  flues, 
and  is  kindled  at  the  bottom.  After  the  mass  of  air  is  sufficiently 
heated,  by  the  burning  of  one  fourth  or  one  third  of  the  sulphur,  the 
kiln  is  closed,  and  the  remaining  sulphur  melts  and  drains  to  the  bottom. 
The  crude  sulphur  is  further  purified  by  distillation  from  cast-iron  retorts, 
the  sulphur  vapor  being  condensed  rapidly  in  cooled  stone  chambers  to 
the  yellow  crystalline  powder  known  as  flowers  of  sulphur,  and  less  rap- 
idly to  molten  sulphur  which  is  run  into  molds  to  make  roll  sulphur. 
AUotropic  When  roll  sulphur  is  slowly  heated,  it  melts  at  115°-!  20° 

FormB.  to  a  mobile  amber-colored  liquid,  which  darkens  as  the  tem- 

perature rises,  becomes  so  viscid  at  250°  that  it  will  no  longer  flow,  at  a 
still  higher  temperature  is  again  mobile,  and  boils  at  448°,  with  forma- 
tion, under  ordinary  pressure,  of  an  orange-yellow  vapor. 

Ordinary  roll  sulphur  dissolves  in  carbon  disulphide,  and  from  such  a 
solution,  when  allowed  to  evaporate  spontaneously,  the  sulphur  separates 
as  octahedral  sulphur  in  crystals  of  the  orthorhombic  system,  similar  to 
the  native  crystals,  of  specific  gravity  2.07,  hard,  brittle,  electrified  nega- 
tively by  friction,  insoluble  in  water,  slightly  soluble  in  alcohol  and  in 
ether,  and  easily  dissolved  by  carbon  disulphide,  melting  at  1 14.5°. 
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When  a  solution  of  sulphur  in  carbon  disulphide  is  heated  in  a  sealed 
tube  to  loo®,  and  then  cooled,  prismatic  sulphur  separates  at  first  in 
transparent  nionoclinic  crystals,  very  pale  in  color,  behaving  toward 
solvents  like  the  octahedral  sulphur,  but  having  the  lower  specific 
gravity  1.96,  and  the  melting  point  120^.  On  standing,  though  still 
keeping  their  outer  prismatic  form,  the  monoclinic  crystals  give  evi- 
dences of  instability,  becoming  opaque  aggregations  of  minute  octahe- 
dral crystals,  of  specific  gravity  2.07. 

When  melted  sulphur  cools  slowly,  it  generally  solidifies  as  the  unstable 
variety,  crystallizing  in  long  monoclinic  prisms  which  may  best  be  seen 
by  breaking  the  top  crust  before  solidification  is  complete,  and  pouring 
out  the  still  liquid  sulphur.  These  monoclinic  crystals,  however,  soon  dis- 
integrate to  minute  orthorhombic  crystals,  and  when  the  melted  sulphor 
happens  to  be  supercooled  to  90°  without  solidifying,  it  crystallizes  at 
once  to  the  octahedral  variety.  Roll  sulphur,  when  freshly  made,  con- 
sists chiefly  of  a  mass  of  monoclinic  prisms,  but  gradually  goes  over  into 
the  orthorhombic  forms,  taking  the  higher  specific  gravity. 

Besides  these  two  solid  crystalline  varieties,  another  solid  modification 
of  sulphur  may  be  obtained  by  heating  sulphur  to  about  230*  and  pour- 
ing the  resulting  liquid,  while  hot  enough  to  be  viscous,  into  cold  water. 
The  plastic  amorphous  sulphur  thus  formed  is  a  yellowish  brown,  soft 
soUd,  of  specific  gravity  1.92,  less  than  that  of  either  of  the  crystalline 
varieties,  and  is  partly  soluble  in  carbon  disulphide.  At  ordinary  tem- 
peratures plastic  sulphur  passes  slowly  into  the  rhombic  variety,  and 
at  95°  the  conversion  is  immediate. 

The  flowers  of  sulphur  formed  by  the  sudden  cooling  of  sulphur 
vapor  apparently  contains,  besides  the  rhombic  sulphur  which  can  be 
dissolved  out  by  carbon  disulphide,  still  another  variety  of  sulphur  which 
is  white,  amorphous,  and  insoluble  in  carbon  disulphide. 

The  white  amorphous  milk  of  sulphur  used  in  medicine  and  obtained 
by  adding  an  acid  to  a  solution  of  a  polysulphide,  and  the  celhidd 
sulphur,  formed  by  the  action  of  sulphur  monochloride  upon  water,  or  of 
hydrogen  sulphide  upon  hydrogen  dioxide,  appear  to  consist  of  rhombic 
sulphur  so  finely  divided  as  to  be  very  sensitive  chemically,  and  prone 
to  remain  in  liquid  suspension  or  pseudo-solution. 

The  occurrence  of  these  varieties  of  sulphur,  the  rhombic,  prismatic 
plastic,  insoluble  amorphous,  finely  divided,  and  colloidal  solid  forms,  as 
well  as  the  mobile  and  the  viscid  forms  of  molten  sulphur^  suggests  the 
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nitrogen  tetroxide,  NjOi,  sulphuric  acid  and  nitrogen  dioxide,  NO, 
are  formed.  ^^^  _^  ^^^^  ^  ^^^  ^  ^  ^^ 

2  H^SO,  +   N804  =   2  H2SO4  +    2  NO 

Since  nitrogen  dioxide  will  combine  spontaneously  with  the  oxy'gen  of 
the  air  to  form  nitrogen  trioxide  and  nitrogen  tetroxide,  these  nitrogen 
oxides  may  be  employed  in  the  continuous  formation  of  sulphuric  acid 
from  sulphurous  acid. 

When  sulphurous  acid  acts  upon  lead  dioxide,  PbO^,  a  white  pre- 
cipitate of  lead  sulphate,  PbS04,  is  formed.  We  may  write  the  reaction  as 
consisting  first  in  the  formation  of  lead  monoxide,  PbO,  which  is  sob- 
sequently  acted  upon  by  sulphuric  acid. 

H2SO3  -f  PbOg  =  HjS04  +  PbO 
PbO  4-  H8SO4  =  PbS04  +  H,0 

Sulphurous  acid  will  reduce  certain  higher  acidic  hydroxides  with  ^ 

formation  of  sulphuric  acid.  Sulphurous  acid  reduces  nitric  acid, 
forming  nitrogen  dioxide,  NO,  or  various  other  products  according  to 
the  conditions. 

3  HgSOs  -f  2  HNO3  =  3  HjS04  +  H,0  -f  2  NO 

When  sulphurous  acid  is  added  to  the  red  solution  of  chromic 
acid,  H2Cr04,  the  liquid  turns  green  on  account  of  the  formation  of 
chromic  sulphate,  Cr, (804)3.  We  may  consider  the  reaction  to  oonsast 
first  in  the  formation  of  chromic  oxide,  Ocjd^  which  is  then  acted 
upon  by  sulphuric  acid. 

3  H2SO3  +  2  H2Cr04  =  3  HjS04  4-  2  H^O  +  CrjO, 
CrA  +  3  HjS04  =  Cr2(S04)«  +  3  H,0 

Other  acidic  hydroxides,  such  as  chloric  acid,  HClOj,  bromic  acjd« 
HBrOg,  and  iodic  acid,  HIO3,  yield  their  oxygen  to  sulphurous  acid. 

Sulphurous  acid  may  be  oxidized  by  certain  salts  rich  in  oxygen,  Ttic 
purple  solution  of  potassium  permanganate,  KMnOf,  is  bleached 
by  sulphurous  acid,  with  the  formation  of  sulphuric  acid  and  otbtf 
products. 

5  HjSOs  -h  2  KMn04  =  2  MnS04  +  K2SO4  +  2  H8SO4  +  3  H^O 

Sulphurous  acid  may  be  oxidized  indirectly  by  the  oxygen  sefarakd 
from  water  in  the  simultaneous  action  of  sulphurous  acid  and  cerU^n 
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Uses  of  '^^^  strong  chemical  activity  of  sulphurous  acid  renders  i: 

Sulphurous  of  much  importance.  It  is  largely  employed  as  a  reducer 
^^^^'  in  the  laboratory  and  in  manufacturing  operations.    It  is 

detrimental  to  the  growth  of  molds  and  other  small  organisms,  and  is 
used  in  breweries  and  elsewhere  as  an  antiseptic.  If  present  in  satti- 
cient  quantities,  it  will  destroy  the  life  of  the  larger  plants,  as  may  be 
seen  by  its  effect  on  vegetation  in  neighborhoods  where  large  amounts 
of  sulphur  or  of  fuels  containing  sulphur  are  burned. 

Sulphurous  acid  acts  readily  upon  many  organic  coloring 
eac  ^Z'  matters,  such  as  are  found  in  the  leaves  of  flowers,  arc 
in  silk,  wool,  and  straw  tissues,  forming  compounds  which  are  color- 
less. It  is,  therefore,  largely  used  for  bleaching  or  decolorizing  such 
substances  as  would  be  injured  by  chlorine  or  other  more  powerhil 
agents.  The  materials  to  be  bleached  are  suspended  in  moist  condi- 
tion, in  a  closed  space,  in  which  the  fumes  from  burning  sulphur  are 
allowed  to  pass,  and  are  finally  washed  thoroughly  to  remove  the  sulpha: 
compounds.  The  bleaching  action  of  sulphurous  acid  is  not  permanent, 
however,  since  the  compounds  formed  with  the  coloring  matter  gradj- 
ally  break  down  spontaneously,  or  immediately  when  acted  upwii  br 
acids  or  bases,  permitting  a  color  either  like  or  unlike  the  original  to 
return  in  the  tissue.  A  bunch  of  bright-colored  flowers  moistened  aui 
placed  in  a  closed  vessel  containing  sulphur  dioxide  will  turn  white,  b:: 
when  allowed  to  stand  in  air  they  may  gradually  become  colored  agrr- 
Sulphurous  acid  is  sometimes  used  as  an  "antichlor"  to  remove  ib; 
excess  of  chlorine  from  cotton  or  woolen  fabrics  that  have  been  blcachei 
with  this  substance. 

By  the  interaction  of  sulphurous  acid  with  bases,  or  'sr.t*' 
carbonates  of  positive  elements^  we  may  obtain  neutral  an 
acidic  sulphites  in  which  sulphur  is  in  the  negatizfe  ion,  Sodiun 
hydroxide  gives  with  sulphurous  acid,  HjSOa,  the  neutral  scdis* 
sulphite,  Na2S03,  or  the  acidic  sodium  hydrogen  sulphite,  NaHSO? 
according  to  the  proportions  of  the  reacting  substances. 

NaOn  +  i^HSOs  =  A^^HSOs  +  HjO 
The  same  compounds  may  be  made  by  acting  upon  sodium  carbonite 
with  sulphurous  acid  in  proper  proportions. 

Naj<:0^  +  ^jSOs  =  Na^^  +  CO»  -h  H,0 
Na^QO^  -h  2  ^HSOs  =  2  iViiHSO,  +  CO,  -f  H/) 
Sulphurous  acid  does  not,  however,  act  upon  most  metals. 
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action  of  potassium  sulphite,  KjSOj,  upon  silver  nitrate,  AgNO^  is  nwdt 
to  act  upon  ethyl  iodide,  CiHjI,  a  second  compound  of  the  composi- 
tion (CsHi)iSOj,  boiling  at  213.4°,  is  formed.  By  the  action  of  po^ii- 
sium  hydroxide  upon  the  second  ethyl  compound,  only  one  of  the  eihyl 
groups  is  replaced  by  potassium,  ethyl  alcohol,  C^HjOH,  and  the  com- 
pound K(CjHj)SOj  resulting,  from  which  by  the  action  of  phosphonii 
pentachloride,  PClj,  the  potassium  and  some  oxygen  may  be  replacd 
by  chlorine,  giving  the  compound  Cl(CsHj)SOt.  This  chlorine  com- 
pound in  turn  may  be  reduced  by  hydrogen,  thereby  losing  in  chlonu 
and  oxygen,  yielding  ethyl  hydrogen  sulphide,  CjH^H.  Since  in  eW 
hydrogen  sulphide  we  know  that  the  one  remaining  ethyl  group  ijcKn- 
bined  directly  to  the  sulphur,  we  may  conclude  that  it  was  so  directlr 
combined  in  the  compounds  Cl(CjH,)SOi,  K(C,H.)SO»  and  (C,H,)^ 
from  which  the  ethyl  hydrogen  sulpHide  was  derived  by  sutslimtioii. 
Accordingly  it  may  be  supposed  that  in  silver  sulphite,  Ag,SOj,  one  of  t)« 
silver  atoms  is  combined  to  the  sulphur  directly,  and  that  in  the  pota- 
sium  sulphite,  K^SO,,  from  which  the  silver  sulphite  is  made,  oneoftbe 
potassium  atoms  is  similarly  directly  combined. 


+  2  K-O-NO, 


C,H, 


C  hI/^  ■•"  ^~^'  +  '  H-O-H 


These  reactions  would  seem  to  indicate  that  the  second  of  the  t« 

ethyl  compounds  of  the  composition  (CjHj)jSOi  is  an  unsymmtri"^ 
ethyl  sulphite,  or  ethyl  sulpkonate, 

and  that  the  compound  K(C,Hs)SOa  is  an  umymmetrical  petasai'^ 
ethyl  sulphite,  or  potassium  ethyl  sulphonate. 
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and  furthermore  that  both  silver  sulphite  and  potassium  sulphite  may  in 
part  at  least  have  the  unsymmetrical  constitution  of  the  so-called  sul- 
phonates,  as  represented  by  the  symbols 

respectively. 

It  cannot  be  said  with  certainty,  however,  that  the  existence  of  sul- 
phonates  or  unsymmetrical  sulphites  containing  carbon  radicals  is  a 
proof  that  the  silver  salt  of  the  composition  AgsSOg  is  unsymmetrical, 
nor  is  the  proof  positive  that  the  more  electro-positive  elements  such  as 
potassium  and  sodium  are  able  to  form  unsymmetrical  sulphites.  Thus, 
ethyl  iodide,  CjHjI,  will  act  upon  certain  compounds  of  polyvalent  ele- 
ments to  form  unstable  addition  products,  which  may  decompose  to  form 
other  compounds  of  the  elements  different  in  constitution  from  the  com- 
pounds originally  acted  upon.  It  is  quite  possible  to  suppose  that  ethyl 
iodide  might  form  with  symmetrical  silver  sulphite,  Ag^SOs,  an  addition 
product  such  as  AgaSOa  •  QH.,!,  which  might  decompose  into  unsym- 
metrical silver  ethyl  sulphite,  Ag (€2^15)803  and  silver  iodide. 

*|ig>^.H. = x?X8  +  *«-■ 

If  this  be  true,  then  an  unsymmetrical  sulphite  of  a  carbon  radical  might 
be  derived  from  a  symmetrical  metal  sulphite  as  well  as  from  a  sulphite 
of  unsymmetrical  constitution.  In  the  absence  of  proof  of  other  struc- 
ture it  will  be  simpler  in  our  discussion  of  the  sulphites  to  assume  the 
symmetrical  structure,  such  as 

K-0 


K 


:8>=o 


for  the  metal  sulphites,  though  it  is  a  possibility,  and  if  we  take  into  con- 
sideration certain  relations  brought  out  by  the  study  of  certain  sulphites 
containing  more  than  one  positive  element,  it  is  even  probable,  that  un- 
symmetrical sulphites  of  common  elements,  similar  to  the  sulphonates 
of  carbon  radicals,  may  actually  exist. 

Sodinm  Both  sodium  sulphites  are  white  and  are  soluble  in  water. 

SalpUte.  The  normal  sodium  sulphiU,  Na^SOg,  may  be  obtained  as 
large  crystals,  having  the  composition  Na^SOa  •  7  H^O,  which  become 
anhydrous  at  150°.  It  is  used  in  photography  in  "  developer  "  solutions, 
in  which  it  serves  to  preserve  the  active  inorganic  compounds  from 
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the  action  of  the  air.  The  sodium  hydrogen  sulphite,  NaHSOj,  is  a 
very  deliquescent  white  powder,  which  upon  standing  may  evolve  water 
and  sulphur  dioxide,  becoming  changed  into  the  normal  sodium  sulphite. 
Both  compounds  are  used  as  antiseptics  and  in  bleaching  and  dyeing. 
The  potassium  salts  of  sulphurous  acid,  like  the  sodium  salts,  are  white 
and  soluble. 

Oxidation  of  The  soluble  sulphites^  like  sulphurous  acid,  are  strong 
Solphites.  reducers^  uniting  with  oxygen  free  as  well  as  combin^d^ 
becoming  thereby  changed  into  sulphates.  Thus,  when  sodium  sul- 
phite, Na^SOa,  is  allowed  to  stand  exposed  to  oxygen  or  air,  it  changes 
spontaneously  into  sodium  sulphate^  Na2S04. 

2  NagSOs  -f-  O,  =  2  NajSO^ 

Insoluble  Some  insoluble  sulphites  may  be  made  as  precipitates  by 

Sulphites.  adding  suitable  reagents  to  solutions  of  the  alkali  sulphites. 
Calcium  chloride,  CaCl2,  and  other  soluble  calcium  salts  produce  in 
solutions  of  the  soluble  sulphites  such  as  sodium  sulphite,  NasSOa, 
white  calcium  sulphite,  CaSOa. 

NajSOs  -f  CaClg  =  CaSOg  -f-  2  NaCl 

Barium  salts  precipitate  in  sulphite   solutions  white   barium  sulphite^ 

BaSOj. 

NajSOs  -f  BaClj  =  BaSOa  +  2  NaCl 

Lead   acetate,  Pb(C2H802)2,  and   other  soluble   lead  salts  when 
added  to  a  solution  of  a  sulphite  precipitate  white  lead  sulphite^  PbSOj. 

Na^Os  +  Pb(C,H30,)2  =  PbSOs  -f  2  NaCCsHjOj) 

Silver  nitrate,  AgNOs,  ^'^d  other  soluble  silver  salts  precipitate  in 
a  solution  of  a  sulphite  white  siher  sulphite,  AgaSOg. 

NajSOa  4-  2  AgNOs  =  Ag,,SOg  +  2  NaNO, 

The  precipitate  turns  gray  when  boiled  in  water,  with  the  formation  of 
silver  in  finely  divided  condition. 

Ag^SOs  -h  H,,0  =  H,S04  -f-  2  Ag 

Action  of  ^^  stronger  acids  decompose  sulphites  with  evolution  of 

Acids  upon  sulphur  dioxide  and  formation  of  salts  of  the  respective 
Sulphites.       acids.     When   sodium    sulphite,    NajSOg,   or   sodium 
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Suiphurie  Dthydroxyl  sulphuric  acidy  known  ordinarily  as  sulphurit 

^c/rf-  acidy  the  most  stable  hydroxide  of  sulphur^  may  be  formed  by 

the  combination  of  sulphur  trioxide  with  water^  or  by  the  oxidation  of 
sulphurous  acid. 

When  sulphur  trioxide  is  exposed  to  damp  air,  it  forms  heavy 
white  fiimes  which  consist  of  sulphuric  acid  in  the  condition  of  small 
liquid  globules.  Sulphur  trioxide  combines  energetically  with  water, 
and  from  the  solution  nearly  pure  sulphuric  acid,  H2SO4,  may  be  obtained 
by  evaporation. 

s€S + H-o-H  =  H:gx8 

With  methods  for  making  sulphuric  acid  from  sulphurous  acid  we  have 
become  acquainted  in  our  study  of  the  oxidation  of  the  latter  acid. 

The  sulphuric  acid  obtained  in  these  ways  is  a  colorless,  oily  liquid, 
containing  about  98.5  per  cent,  of  anhydrous  sulphuric  acid  of  the 
composition  H2SO4,  and  about  1.5  per  cent,  of  water,  having  a  specific 
gravity  of  1.84  at  15°,  and  distilling  at  338^  This  is  the  ordinary 
concentrated  sulphuric  acid  of  commerce,  obtained  by  condensing  the 
last  two  thirds  of  the  distillate  from  more  dilute  water  solutions  obtained 
in  the  manufacturing  processes.  Pure  solid  anhydrous  sulphuric  acid, 
of  the  composition  H2SO4,  melting  at  10.5°,  may  be  obtained  as  white 
crystals  by  repeatedly  crystallizing  the  concentrated  sulphuric  acid,  at 
—  35°  for  the  first  crop  of  crystals,  and  between  o"  and  10°  after  some 
crystals  have  been  obtained  with  which  to  start  a  new  crystallization. 
Dilute  sulphuric  acid  solutions  containing  large  proportions  of  water 
have  a  sour  taste,  turn  the  color  of  vegetable  dyes,  and  are  readily 
decomposed  by  the  electric  current,  and  by  many  metals,  with  the 
evolution  of  hydrogen. 

Hydrates  of  Sulphuric  acid  has  a  strong  attraction  for  water,  as  is 
Sulphuric  shown  by  the  rise  of  temperature  observed  when  concen- 
Acid.  trated  sulphuric  acid  and  water  are  mixed,  and  by  the  fact 

that  the  mixtures  of  the  concentrated  acid  with  water  when  cooled  again 
to  the  ordinary  temperature  occupy  less  volume  than  the  sum  of  the  original 
volumes  of  acid  and  water.  Further  examination  of  the  action  shows  that 
by  the  combination  of  water  with  sulphuric  acid  definite  hydrates  are  pro- 
duced, A  definite  hydrate  is  obtained  when  a  solution  containing  85  per 
cent,  of  sulphuric  acid  and  15  per  cent,  of  water  is  cooled  to  o**.  Under 
these  conditions  large  six-sided  prisms  are  obtained,  of  the  composition 


acid  upon  sugar  ana  starch  ana  ceimiose.  vegetaoie  tissues,  seen 
as  wood  and  cotton,  and  vegetable  products,  such  as  paper  and  ter.ik 
fabrics,  may  be  destroyed  by  the  corrosive  action  of  sulphuric  aciJ. 
Animal  tissues,  such  as  the  skin  and  mucous  membrane,  are  quicklv 
destroyed  by  sulphuric  acid,  which  is  therefore  a  powerful  corroave 
poison.  By  acting  upon  paper  with  sulphuric  acid  already  mixed  wilh 
some  water,  a  tough  parchment  paper  may  be  made. 
RodncUon  of  Sulphuric  acid  may  be  reduced  by  &e  dissociating  action  oj 
Sulphuric  heat  as  well  as  by  suitable  agents  having  a  high  affinity  fir 
oxygen.  Passed  through  red-hot  tubes  or  vessels  of  earthen- 
ware, sulphuric  acid  is  decomiMsed  into  sulphur  dioxide,  osygen. 
and  water. 


H-O- 


=  aSf^  4-0=0  +  2H-O-H 


Hydrogen,  carbon,  and  sulphur  reduce  boiling  concentrated  s 
phuric  acid  to  sulphur  dioxide  and  water. 
H-0\ 


H-O/ 
H-OV/O, 


+  H-H  = 


+  2H-O-H  +  ( 


+  S=3S 


Copper  effects  a  similar  reduction  of  boiling  concentrated  sulphuric 
acid,  cupric  sulphate,  CuSOj,  or  cuprous  sulphide,  Cu,S,  being  fonwsi 
among  the  products  of  the  action. 

=  SlSXg  +  Cu  .  <g  +  .  H-O-H  +  Cu<gXS 

4g:C><g  +  5CU  =  ^^S  4-  ,H-0-H  +  3C<g>«!i 

The  action  of  mercury  upon  concentrated  sulphuric  acid  is  simile  to 

that  of  copper. 

Although  we  cannot  prepare  hydrogen  in  quantity  by  acting  opoe 
sulphuric  acid  with  copper,  it  is  conceivable  thai  the  reaction  between  thf 
two  substances  consists  in  the  setting  free  of  hydrogen  which  at  tn-. 
moment  of  its  liberation  reduces  some  of  the  excess  of  sulphuric  ant. 
forming  sulphur  dioxide  in  the  Rrst  case,  and  in  the  second  case  sulph'ir, 


the   neutral   sodium  sulphate,  N^O„  or  the  acidic  svdimm  hyib^rn 
sulphate,  NaHSOb  may  be  obtained. 


iNajS,  IS  piacea  on  ine  sunace  oi  a  piece  oi  siivcr,  s 

water,  a  characteristic  black  stain  of  silver  sulphide,  AgjS,  is  formed. 

Na^  +  1  Ag  +  a  H,0  =  Ag^  +  a  NaOH  +  H, 

When    barium    sulphate,   BaSO^,  which   is  insoluble  in  water,  is 

heated  with  carbon  and  sodium  carbonate,  barium  carbonate  and 

the  soluble  sodium  sulphate  are  first  formed,  and  the  sodium  sulphate 

is  subsequently  reduced  to  sodium  sulphide,  Na^. 

BaSO,  +  NajCO,  =  BaCO,  +  Na^. 

These  reactions  are  employed  in  testing  substances  for  the  presence 

of  sulphates,  the  substances  being  mixed  with  powdered  charcoal  ano 
sodium  carbonate,  placed  in  a  shallow  cavity  in  a  piece  of  charcoal,  am! 
healed  strongly  by  means  of  a  blowpipe,  the  fused  residue  being  subse- 
quently placed  on  silver  and  moistened,  the  production  of  the  bU-'t 
stain  of  silver  sulphide  being  taken  as  an  indication  of  the  presence  of  i 
sulphate  in  the  original  substance. 

Under  the  action  of  heat  some  sulphates  are  readily  dissoeiakd  utu- 
their  component  oxides,  and  some  are  not  thus  dissociated.  The  albii 
sulphates,  such  as  sodium  sulphate,  NajSO^,  and  the  alkali  earth  9:)- 
phates,  such  as  barium  sulphate,  BaSO^,  are  not  dissociated  ioto  tb: 
component  oxides  at  red  heat,  though  the  sulphates  of  copper,  due. 


Hypo  sulphurous  acid  is  acted  upon  easily  by  the  ox 
and  serves  as  a  strong  reducing  agent.  It  is  unstabl 
spontaoeously  into  siilphui  dioxide,  sulphur,  and  water. 

H-0-S=0  ^ 

"  1  =3SfV  +  S+  2H-O 

H-0-S=0  ^*^ 

Sodium  hyposulphite,  NajSjO*,  which  is  more  stable  tb 
phurous  acid,  may  be  formed  by  the  action  of  zinc  (ilii 
hydrogen  sulphite,  NaHSOj,  or  by  the  electrolysis  of  th 
crystals  of  the  composition  NajS^4  •  2  HfO. 

4  NaHSO,  +  Zn  =  NajS^O,  +  NajSO,  +  ZnSO. 

Sodium  hyposulphite  is  decomposed  by  sulph 

formation  of  sulphur  dioxide,  sulphur,  water,  and  sodiun 

2  NaAO,  +  2  HjSOi  =  3  SOj  +  S  +  2  H^  + 

Though  disulphur  trioxide,  SjOj,  corresponds  in  co 
anhydride  of  hyposulphurous  acid,  the  action  of  this  < 
is  so  violent  that  the  acid  if  formed  is  at  once  decompo 

Peraulphnrlc  Pfrsiilpkitric  add,  H,.SiO„  has  a  compos 
Acid.  jj,g  ,Q    [j,^(   of   j[g  anhydride,  sulphur 

When  water  is  added  directly  to  sulphur  heptoxi 
lence  of  the  action  is  such  that  sulphuric  acid  is  formec 
liberated,  persulphuric  acid  being  unstable  under  these 


'-  ^  H-0/ 


When,  however,  sulphur  heptoxide  is  added  to  ; 

solution  of  sulphuric  acid  in  water,  the  violence  of  thi 
water  b  so  moderated  that  persulphuric  acid  remains  i- 


Tetiathionic  acid. 


Pentathionic  acid,  5 

I 
S 

The  tkiosulphates,  salts  of  ihe  unstable  tkiosulpkum  odd, 
tay  be  obtained  by  many  reactions  which  involve  dimlhi'' 
indirectly  the  combination  of  a  metal,  oxygen,  and  sulphur  in  ceriu* 
definite  proportions. 

SodiQinTiilo-  Sodium  thiosulphate,  Na[S(0,  ■  5  HjO,  large  colorless  cm 
Bal;b«t«.  tals.  easily  efflorescent  in  dry  air,  may  be  made  by  boiling  1 
solution  of  sodium  sulphite,  Na^^,  with  finely  divided  sulphac, 
and  crystallizing  the  salt  from  the  filtered  liquid, 

sodium  sulphides,  Na^,  or  NaA.'^"'" 

a  Na^  +  2  Oi  +  H,0  =  Na^Oj  +  %  NaOH 

2  Na^j  4-  3  O,  =  3  Na^Og  +  6  S 

OT  by  sulphurous  acid, 

2  Na^  +  3  HjSO,  =  a  Na,S^,  +  3  H/)  +  S 

or  by  sodium  sulphite,  Na^SOa,  or  some  other  sulphite,  in  the  presence 
of  iodine, 

Na^  +  Na^O,  +  I,  =   Na^Oj  +  a  Nal 

or  by  weak  oxidizers  generally. 


NatCOf,  and  carbon,  Godium  monosulphide,  Na^S,  and  carbon  dioxule 
are  formed.  Na^O,  +  Na,COj  +  30  =  2  Na^  +  3  CO, 

Tliough  the  thiosulphates  are  fairiy  stable  sails,  the  Ihiosulphuric  add. 
H)S-jO„  presumably  formed  from  them  in  solution  by  the  actioD  oi 
stronger  acids,  liecomposes  spontaneously. 

Action  0*  ^y  ^'  attittH  of  acids  upon  thiosulphates  in  jplittisn,  tul- 

Aeldanp«n  phurous  acid  is  Jormed  and  sulphur  ii  set  fret.  When  suV 
Thlo-  phurtc  acid  acts  upon  sodium  thiosutphate,  NajS.!*, 

talpUtM.  solid  sulphur  is  set  free,  while  sulphurous  acid,  H^i  and 
sodium  sulphate  remain  in  solution, 

Na^O,  +  H^,  =  H^,  +  S  +  Na^SO, 
and  similarly  hydrochloric  acid  gives  sulphurous  acid,  sulphur,  ani 
sodium  chloride. 

NajS^,  +  a  HCl  ==  H^SO,  +  S  +  »  NaQ 

The  action  of  acetic  acid  and  of  carbonic  acid  upon  sodium  tlu^ 
sulphate  is  similar  to  the  action  of  sulphuric  acid  and  of  hydrochlOTic 
acid.  Exposure  of  solutions  of  thiosulphates  to  the  carbon  dioxide  u' 
the  air  is  sufficient  to  bring  about  slowly  and  after  some  time  a  simibr 
decomposition. 

OildatioD  of  The  thiosulphates  are  readily  oxidized  by  direct  oxiJiv.'; 
Thi*.  agents,  and  indirectly  in  the  presence  of  water  by  free  (hk- 

■ulpbatca.  riite,  bromine,  and  iodine,  and  so  are  capable  ef  acting  a 
reducers. 

Strong  oxidizing  agents  convert  thiosulphates  into  sulphates,-  weii-^ 
oxidizing  agents  produce  the  telraikionales  as  immediate  products.  Thi:\ 
when  potassium  permanganate,  KMnO,,  or  permanganic  aciu, 
HMnOi,  and  sodium  thiosulphate,  Na^S^j,  interact  in  the  piescC(( 
of  sulphuric  acid,  the  oxidizing  action  converts  the  thiosulphate  '--i 
sodium  sulphate,  and  the  reducing  effect  is  manifested  in  the  formaii'>a 


With  the  manganese  dithionate  some  manganous  sulphate  is  simuilane- 
ously  proHuced.  By  the  action  of  barium  hydroxide,  Ba'OH'. 
upon  manganese  dithionate,  barium  dilhionate,  BaSiO*,  is  fonned. 
and  when  this  is  heated  with  sulphuric  acid,  barium  sulphate,  BaSl.1, 
is  precipitated,  leaving  a  dilute  solution  of  dithionic  acid. 


<;- 


H 


■M<8:K 


The  solution  of  dithionic  acid  may  be  somewhat  concentrated,  but  finaUr 
decomposes  into  sulphuric  acid  and  sulphur  dioxide. 


H-0- 
H-0- 


/O 


H-0\ 
''  H-0/ 


TVitkionic  acid,  H^Og,  is  unstable,  but  sodium  IrithimaU,  N»^0» 
may  be  produced  by  acting  with  iodine  upon  a  mixture  of  sodium 
sulphite,  NaiSO„  and  sodium  thiosulphate,  Na^SA.  so*''''™ 
iodide  also  being  formed. 

Na-O-S^ 


+1- 


iNi-l 


Na-0- 


I  . 


Sodium  trithionate  may  also  be  produced  when  sodium  snlplii"i  ■ 
Na^s,  and  sulphur  dichloride,  SC1„  interact. 


Na 


:>=o 


c/Cl_ 


Na-0- 


The  action  of  hydrochloric  acid  upon  sodium  trithionate  rtsnls   j 
in  the  formation  of  sulphuric  acid,  sulphur  dioxide  and  sulphur, «-'' 
sodium  chloride,  by  decomposition  of  the  unstable  trithionic  acid  ^   : 
formed. 


Na-0-<^ 
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Na-O-S^g 


S       +  a  H-Cl  =  3la>^  +  S^o  +  S  +  2  Na-Cl 


Tetrathionic  acid^  H2S4O6,  may  be  obtained  in  solution  from  sodium 
UtrathionaUy  ^d^^jd^^  which,  as  has  already  been  shown,  is  formed  when 
iodine  acts  upon  sodium  thiosulphate,  Na^SsOs. 


Na- 
Na 


Na 
Na 


_g  +1-1=  I  +2Na-I 

-O/Ko  Na-S^O 


The  solution  obtained  by  acting  upon  sodium  tetrathionate  with 
sulphuric  acid  contains  tetrathionic  acid  and  sodium  sulphate. 

'k  +  H-O/^0  -         k  Na-0/^0 


Na-O-S^  H-O-S^ 


The  tetrathionic  acid  is  fairly  stable  in  dilute  solutions  only,  and 
when  concentrated  breaks  up  into  sulphuric  acid,  sulphur  dioxide,  and 
sulphur. 


H-O- 

I 
S 

I 

.'S 

■  I 

H-O- 


=  H-o)^  +  sCo  +  'S 


Tetrathionic  acid  is  one  of  the  products  of  the  reducing  action  of 
hydrogen  sulphide,  HgS,  upon  sulphurous  acid,  H2SO8,  and  by 
neutralizing  with  a  suitable  base  the  solution  thus  obtained  a  corre- 
sponding tetrathionate  may  be  formed. 

4H2SO3  +  3H2S  =  HAOfl  +  6H,0  +  3S 

Pentaihionic  add,  H^aO^,  is  likewise  produced  in  solution  by  the 
action  of  hydrogen  sulphide  upon  sulphurous  acid. 
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H-0-.S<g 

S 

S 


^O 


H-O-SC 


Pentathionic  acid  decomposes  readily  into  sulphuric  add,  sulphur 
dioxide,  and  sulphur. 

H-0-S<g 


I 

s 
I 


s 


/J^ 


H-0- 

From  a  solution  ofpentathionic  acid  sodium  pentathionate^  NajS^Qfe 
may  be  prepared  by  neutralizing  with  sodium  hydroxide. 


H-0- 


Na-0- 


H-0- 


I 
S 

I 

s 

I 
s 

I 


H-  2Na-0-H  = 


I 
S 

I 

s 

I 
s 


+  2H-0-H 


^ 


o 


Na 


-o-ks 


This  and  other  similar  pentathionates  are  readily  decomposed  by  acitis. 


Suiphldet. 


By  the  direct  combination  of  elements  with  sulphur  mai} 

sulphides  may  be  formed.     When  copper  is  heated  strongiT 

with  finely  divided  sulphur,  a  black  mass  of  cuprous  sulphide,  Q^^/^ 

formed,  while  i  ron  in  a  similar  manner  gives  with  sulphur  black  poioJ> 

ferrous  sulphide,  FeS.  ^  ^^        ^    « 

•^  ^       '  3  Cu  -f-  S  =  Cu^ 

Fe  +  S  =  FeS 
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We  may  make  hydrogen  combine  to  some  extent  with  sulphur  to 
form  hydrogen  sulphide  by  passing  hydrogen  through  boiling  sulphur, 
or  by  heating  together  hydrogen  and  sulphur  to  500®.  We  have  already 
noted  several  instances  of  the  formation  of  hydrogen  sulphide  as  one  of 
the  products  of  the  reduction  of  sulphuric  acid,  or  other  ;icids  of  sulphur, 
by  certain  elements. 

Hydrogen  sulphide,  H^S  (hydrosulphuric  acid),  is  a  colorless  gas,oi' 
strong  characteristic  odor,  having  a  specific  gravity  of  34,  moderately 
soluble  in  water.  At  ordinary  temperature,  under  a  pressure  of  1; 
atmospheres,  it  forms  a  colorless  liquid  of  specific  gravity  0.9,  which 
boils  at  —  63.5°  under  ordinary  pressure,  and  forms  a  white  solid  31 
—  91°.  Hydrogen  sulphide  has  a  poisonous  effect  on  both  animals  anii 
plants,  although  the  growth  of  some  microorganisms  does  not  seem  10 
be  retarded  by  it.  Hydrogen  sulphide  is  sometimes  found  present  it 
volcanic  gases,  and  in  the  atmosphere  in  regions  where  it  has  been  formed 
by  the  incomplete  burning  of  coal  or  other  sulphur-containing  fuels,  or 
by  the  decay  of  organic  matter  containing  sulphur.  It  is  largely  used  as 
a  reagent  in  the  laboratory. 

Oxidation  of  Hydrogen  sulphide  may  be  readily  oxidized  in  air  or  ox^n. 
Hydrogen  and  it  reduces  many  compounds  by  remotnng  oxygen  or  0^^ 
Su  phide.  elements  from  them.  In  the  presence  of  oxygen  or  air. 
hydrogensulphide,  HjS,  burns  with  a  pale  blue  flame,  forming  sulphc: 
dioxide,  SO2,  and  water. 

2j})>S  +  30=0  =  2S^  +  2H-O-H 

In  less  than  an  excess  of  oxygen  the  oxidation  may  be  but  partiaL 
resulting  in  the  separation  of  sulphur. 

2^)>S  V20=0  =  S^  +  S+  2H-O-H 

A  water  solution  of  hydrogen  sulphide  is  decomposed  slowly  by  the 
oxygen  of  the  air  with  separation,  of  sulphur. 

Hydrogen    sulphide   will   reduce   hot  concentrated    sulphuric 
acid,  with  the  formation  of  sulphur  dioxide,  SOs,  sulphur,  and  water. 

g:8><g  + 15>  =  <8  +  s  + '  H-o-H 

Arsenic  acid,  H3ASO4,  iodic  acid,  HIO3,  chloric  acid,  HClOj,  and  other 
acids  may  be  similarly  reduced  by  hydrogen  sulphide. 


phide  into  a  (olution  of  ammonia  gas  in  alcohol. 

The  addition  of  an  excess  of  ammonium  bydronide  to  the  solutiia 
of  ammonium  hydrogen  sulphide  tends  to  form  ammonium  js- 
phide,  (NH<)iS,  which,  however,  is  easily  hydrolyzed  Id  the  rwefsed 
reaction. 

B.N-O-U  +"^*^)«^^'^S  +  H-O-H 

Ammonium  sulphide  may  be  isolated  in  crystalline  condition  by  manz" 
one  volume  of  hydrogen  sulphide  with  two  volumes  of  ammonii 
gas  at  —  18*. 

H\ 

^\ 

Ammonium  sulphide  dissociates  at  ordinary  temperatures  into  amnwnii 
and  ammonium  hydrogen  sulphide,  and  the  latter  compouDd  break* -[■ 


the  insoluble  liquid  carbon  disulphide,  which  is  manxj 
some  useful  purposes,  and  the  insoluble  arsenic  sulph 
minerals  apd  are  also  of  value.     The  sulphides  of  soi 
and  of  the  other  alkali  elements  may  be  obtained  as  d 
such  as  Na^  ■  6  H,0,   2  KHS  •  HiO,  which  are  vi 
solutions  of  the  alkali  sulphides  arc  heated  with  fin 
vanoas  pofysi//p/i://es  are  formed,  such  as  Na,Si,  NajS 
taining  high  proportions  of  sulphur.     Similar  polys 
and  of  other  alkali  earth  elements  arc  known.     By  tl 
acid,  such  as  hydrochloric  acid,  upon  polysulphides  1 
tions,  the  unstable  hydrogen  pentasulphide,  HjSj,  i; 
yellow,  oily  liquid,   of  specific  gravity    1.7,  readil; 
hydrogen  sulphide  and  sulphur.     We  have  already 
of  sulphur  used  in  medicine,  which  consists  of  finely 
in  suspension,  formed  by  acting  upon  solutions  o) 
acids.     The  insoluble  metal  sulphides,  the  more  im 
have  mentioned,  form  an  important  class  of  minera 
dantly  and  widely  distributed  in  the  world,  and  at 
pure  metals  which  may  be  reclaimed  from  them, 
ores  are  strongly  heated  in  the  air,  the  sulphur  in  t 
oxidized  than  are  the  metals,  and   when  such  on 
proper  condition  with  carbon  or  some  other  redui 
possible  to  completely  burn  away  the  sulphur,  leavi 
various  metallurgical  operations  which  depend  up 
•  sulphides  will  be  studied  in  connection  with  the  inc 
selves.     Many  of  the  mineral  sulphides  are  valuabl< 

Compoiindi  Sulphur  combines  with   chlorine  for 

ofSulphm  chlorides.  When  chlorine  gas  is 
MdChlorma.  ^„iph„r,  sulphur  monoehloride,  S,C!„ 
of  specific  gravity  135,  which  may  be  condensed 
sharp-smelling  liquid,  of  specific  gravity  1,68,  boili 

S-Cl 
aS  +  Cl-Cl  =  1 

S-CI 
The  liquid  fumes  strongly  in  damp  air  and  is  deco 
sulphur  dioxide,  SOj,  sulphur,  and  hydrochloric  ac 
S^Cl  .       ^ 
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.  We  note^  in  regard  to  the  sulphur  compounds,  that  sulphur 
dioxide  is  a  colorless  gas,  soluble  in  water,  forming  the 
unstable  sulphurous  acid  in  solution  ;  that  sulphur  trioxide,  a  colorless 
liquid  or  white  solid,  combines  ivith  water  to  form  the  colorless  liquid 
dihydroxylsulphuric  acid^  known  as  common  sulphuric  acid,  and  its  hy- 
drates; and  with  sulphuric  acid  to  form  the  crystalline  disulphuric  acid: 
that  disulphurtrioxide ,  a  rare  oxide,  although  corresponding  to  hyposul- 
phurous  acid  in  composition,  does  not  form  that  acid  by  action  upon  water, 
owing  to  the  violence  of  the  reaction  ;  that  sulphur  heptoxide,  another 
rare  oxide,  may  act  upon  water  under  proper  conditions  to  form  unstable 
persulphuric  acid  in  solution. 

Sulphurous  acid  may  be  oxidized  to  sulphuric  acid ;  it  forms  neutral 
and  acidic  sulphites,  solids,  readily  oxidized  to  sulphates,  and  decomposed 
by  heating  and  by  acids.  The  alkali  sulphites  are  soluble;  some  other 
sulphites  are  insoluble. 

Sulphuric  cuid  may  be  reduced  to  sulphurous  acid,  and  may  be  decom- 
posed by  heating;  it  may  be  oxidized  to  persulphuric  acid ;  it  forms 
neutral  and  acidic  sulphates,  those  of  the  alkalies  being  white  and  soluble, 
others  being  insoluble  and  variously  colored.  Some  sulphates  may  be 
decomposed  by  heating. 

From  acidic  sulphites,  the  disulphites  may  be  formed  spontaneously,  and 
hyposulphites  by  reduction  ;  by  heating  acidic  sulphates,  disulphates  are 
formed;  by  oxidizing  sulphates,  persulphates  may  be  obtained. 

Corresponding  to  the  respective  thioacids,  which  exist  only  in  solution, 
there  are  the  thioscUts :  the  thiosulphates,  made  by  the  action  of  sulphur 
upon  sulphites,  and  by  the  oxidation  of  sulphides  ;  and  the  polythionates, 
made  in  various  ways,  —  all  being  unstable,  readily  decomposed  by  acids. 
The  alkali  thiosulphates  are  soluble,  and  may  be  oxidized  to  tetrathionates 
or  to  sulphates  ;  some  thiosulphates  are  insoluble. 

The  sulphides  of  the  alkali  elements  and  the  ammonium  sulphides  are 
soluble,  while  those  of  the  heavier  metals  are  insoluble.  The  gaseous 
hydrogen  sulphide,  formed  by  acting  upon  suitable  sulphides  of  metals 
with  acids,  as  well  as  other  soluble  sulphides,  will  precipitate  some  in- 
soluble sulphides  from  solutions  of  suitable  compounds  in  presence  of 
acids,  but  some  sulphides  are  acted  upon  by  an  excess  of  soluble  sulphides 
with  formation  of  sulphosalts.  The  sulphides  may  be  readily  oxidized. 
Sulphur  forms  several  binary  compounds  with  chlorine,  also  several 
compounds  witli  chlorine  and  oxygen. 
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dioxide  with  one  volume  of  oxygen,  made  by  decomposing  pure  con- 
centrated sulphuric  acid  by  heat  and  removing  the  water,  was  passed 
through  tubes  containing  platinized  asbestos,  and  the  resulting  sulphur 
trioxide  collected  by  itself  or  passed  into  water  or  sulphuric  acid. 
This  process,  owing  to  the  cost  of  the  sulphuric  acid  required,  was 
very  expensive,  and  all  attempts  to  utilize  a  cheaper  source  of  sulphur 
dioxide,  such  as  the  burner  gases  obtained  by  roasting  pyrite  or  sul- 
phur, failed  when  practiced  on  a  large  scale,  owing  to  the  deleterious 
effects  on  the  contact-mass  of  platinum  of  the  minute  traces  of  arsenic 
.or  other  metals  present  in  the  gases.  The  recenj  discovery  of  a 
method  by  which  the  ordinary  burner  gases,  purified  by  slow  cooling, 
may  be  oxidized  spontaneously  by  contact  with  platinized  asbestos  in 
tubes  which  are  kept  cool  by  the  incoming  gases,  has  made  it  possible 
to  manufacture  sulphur  trioxide  and  fuming  sulphuric  acid  at  a  much 
lower  cost  than  heretofore,  and  may  even  be  employed  for  the  manu- 
facture of  ordinary  concentrated  sulphuric  acid,  thus  superseding  the 
older  chamber  process.  In  1900  116,000  tons  of  sulphur  trioxide  were 
manufactured  in  Germany  by  the  new  contact  process. 
^^  We  have  seen  that  certain  sulphates  may  be  decomposed 

Vitriol "         ^y  heating,  with   the  liberation  of  sulphur  oxides.     Thus, 
ferrous  sulphate,  FeS04,  may  decompose  into  ferric  oxide, 
Fe203,  sulphur  trioxide,  SO3,  and  sulphur  dioxide,  SOj, 

2  FeS04  =  FeA  +  SO3  +  SOj 

and  ferric  sulphate,  Fejj(S04)3,  may  be  decomposed  into  ferric  oxide, 
Fe203,  and  sulphur  trioxide,  SO3. 

Fe2(S04)3  =  FeA  +  3  SO, 

Hydrous  ferrous  sulphate,  FeS04  •  7H.2O  (green  vitriol),  forms  when 

heated  in  air  a  basic  ferric  sulphate,  such  as  FejSjO^,  and  this  when 

heated  more  strongly  decomposes  into  ferric  oxide,  FejOj,  and  sulphur 

trioxide.  ^    ..  ^         ^^    ^ 

Fe^,S,Ott  =  FeA  -f-  2  SO3 

Since  ancient  times  "  Nordhausen  sulphuric  acid,"  or  "  fuming  sulphuric 
acid  "  (oil  of  vitriol),  which  consists  of  a  mixture  of  disulphuric  acid  and 
sulphuric  acid,  has  been  prepared  by  heating  partially  dehydrated  and 
oxidized  "  green  vitriol "  or  "  copperas."  At  the  present  time  small 
quantities  of  fuming  sulphuric  acid  are  made  in  Bohemia  by  heating 
basic  ferric  sulphate  formed  by  the  spontaneous  oxidation  of  iron  pyrites 
in  air. 

Selenium,  Se,  79.2 

Selenium  is  found  combined  chiefly  as  an  impurity  in  pyrite^  FeSj, 
and  other  similar  sulphides,  and  rarely  in  selenides^  such  as  PbSe, 
HgSe,  CujSe  •  Ag-^Se.     When  seleniferous  sulphides  are  roasted  to  make 
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Oxides  Hydroxidbs 

Selenium  dioxide,  Se02  Selenious  acid,  HsSeOj 

Selenic  acid,  H2Se04 

When  strongly  heated  in  oxygen  or  air,  selenium  bums  with  a 
bright  blue  flame,  forming  seUniutn  dioxide^  SeO?,  as  a  vapor  which 
condenses  to  form  needlelike  crystals,  volatile  at  320®. 

Se  +  0=0  =Se^g 

The  presence  of  the  least  trace  of  organic  matter,  like  the  dust  of 
ordinary  air,  is  sufficient,  however,  to  effect  the  reduction  of  elementai7 
selenium  from  selenium  dioxide,  and  for  this  reason  selenium  dioxide 
often  turns  red  when  sublimed,  or  exposed  to  ordinary  air.  The  dis- 
agreeable odor,  similar  to  that  of  decayed  horse-radish,  emitted  bv 
selenium  dioxide  vapor,  is  probably  connected  with  the  presence  of 
finely  divided  selenium,  or  possibly  of  traces  of  hydrogen  selenide,  HJSe, 
formed  by  the  action  of  moisture. 

Selenium  dioxide  dissolves  in  water,  forming  selenious  a^U, 
H2SeOa,  which  may  be  obtained  in  crystalline  form. 

Se:(g+  H-O-H  =  Slo^Se=0 

Selenious  acid,  like  selenium  dioxide,  is  easily  reduced,  sulphur 
dioxide  acting  upon  it  with  formation  of  sulphuric  acid  and  a  reii 
colloidal  solution  of  selenium,  which  on  standing,  and  more  quickly  on 
heating,  deposits  brownish  red  amorphous  seleniun}. 

Hlg>Se  =  0  +  a<0  +  H-O-H  =  Se+.  JJlg><g 

Hydrogen  sulphide  decomposes  selenious  acid,  H^^SeO,,,  with  formation 
of  insoluble  selenium  sulphide,'  SeS,  intermixed  with  sulphur. 

Selenious  add  neutralizes  bases  with  formation  of  neutral  selenitesy  or 
acidic  seleniteSy  and  luater.  Thus,  we  have  sodium  selenite^  NaJSe<\, 
sodium  hydrogen  selenite^  NaHSeO.t,  and  similar  compounds  of  poi^s- 
sium  and  other  elements.  The  selenites  of  the  alkali  elements  are 
soluble  in  water. 

By  the  oxidation  of  selenious  acid,  HgSeOa,  or  of  selenites,  by  suitiKe 
agents,  selenic  acid,  H^^SeO^,  may  be  obtained.  Oxidation  of  selenious 
acid,  H.SeO;j,  with  consequei>t  formation  of  selenic  acidy  H^SeO^,  in 
solution,  may  be  brought  about  by  passing  chlorine  into  a  walct 
solution  of  selenious  acid  suitably  dilute, 

Slo^^^^*^  ^  ^'"^^  +  "-o-"^hIo)^Co  "•"  '•""'^' 
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nides  may  be  formed  by  direct  combination  of  elements  with  selenium, 
and  may  be  decomposed  by  acids  with  formation  of  hydrogen  selenide. 
By  the  action  of  selenium  upon  c-hlorine,  selenium  monochloride^ 
Se2Cl2,  a  bro^vn,  ojly  liquid,  and  selenium  ieirachlonde,  SeCl4,  a  light 
yellow  solid,  both  of  which  are  decomposed  by  water  with  formation  of 
selenious  acid,  may  be  made.  A  selenium  oxychloride^  SeOCl^,  is  also 
known,  as  are  also  similar  selenium  bromides  and  iodides,  and  oxy- 
bromides  and  oxyiodides.  By  the  action  of  selenium  upon  sulphur 
trioxide,  or  upon  concentrated  sulphuric  acid,  green  selenium  sulphur 
trioxide  may  be  formed. 

m 

Tellurium,  Te,  [127.6] 

Tellurium  is  found  in  small  amounts  in  free  condition,  and  in  com- 
bination with  silver,  gold,  bismuth  and  other  elements,  in  certain  tcilu- 
rides,  such  as  Ag/Fe,  (AgAu)Te2,  Bi^Tes,  etc.,  and  in  other  rare  minerab. 
By  treating  tellurium  ores  with  hydrochloric  acid,  and  then  oxidizing 
them  with  aqua  regia,  tellurous  acid,  HjTeOs,  is  formed,  from  which, 
after  removing  the  compounds  of  gold  or  other  elements  by  suitable  re- 
agents, the  tellurium  may  be  precipitated  by  the  action  of  sulphur  dioxide. 

Tellurium  as  thus  prepared  is  an  amorphous  black  powder  which  when 
heated  turns  into  a  grayish  white,  lustrous  crystalline  mass,  of  specific 
gravity  6.24,  insoluble  in  water  and  in  carbon  disulphide,  melting  at 
452**,  boiling  at  1390°,  with  formation  of  a  yellow  vapor. 

The  specific  gravity  of  tellurium  vapor  between  1400**  and  1700® 
corresponds  to  an  approximate  molecular  weight  of  254,  which  suggests 
the  molecular  symbol  Tcj. 

Tellurium  forms  one  oxide  by  direct  combination  of  the  element  with 
oxygen,  while  two  other  oxides  may  be  made  indirectly,  and  two  acidic 
hydroxides  may  be  made  by  oxidizing  tellurium. 

OxiDBS  Hydroxides 

Tellurium  monoxide,  TeO 

Tellurium  dioxide,  TeOj  Tellurous  acid,  HjTeOj 

Tellurium  trioxide,Te08  Telluric  acid,  H2Te04 

When  tellurium  is  sufficiently  heated  in  oxygen  or  air,  it  bums 
with  a  blue  flame  with  the  formation  of  white  vapors  of  tellurium 
dioxide^  Te02,  condensing  to  a  white  solid,  volatile  at  red  heat. 


Te  -f  0=0  =  Te^ 


Tellurous  acidy  H2Te03  (tellurous  hydroxide),  corresponding  to  tel- 
lurium dioxide,  may  be  obtained  by  oxidizing  tellurium  with  nitric  acid. 
Thus,  when  tellurium  is  acted  upon  by  nitric  acid,  and  the  resulting 
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which  upon  further  heating  decomposes  into  tellurium  dioxide,  TeOs, 
and  oxygen. 

2Te=0  =  aTeCx  +  0=0 

\o  ^^ 

Tellurium  combines  with  metals  to  form  tellurides.  Thus,  by  fusing 
together  tellurium  and  zinc,  zinc  telluride^  ZnTe,  may  be  formed. 

2  Zn  4-  2  Te  =  2  ZnTe 

By  acting  upon  zinc  telluride,  ZnTe,  with  hydrochloric  acid, 
or  other  similar  acid,  hydrogen  telluridey  HjTe,  may  be  evolved  as  a 
colorless,  strong-smelling,  poisonous  gas, 

Zn=Te  +  2  H-Cl  =  2)>Te  +  Zn<^Q 

and  the  same  compound  may  be  made  in  small  quantities  by  sufficiently 
heating  tellurium  with  hydrogen. 


Te=Te  +  2H-H  =:  2  ^/^Te 


Hydrogen  telluride  is  a  colorless,  poisonous  gas  of  strong  odor,  burning 
with  a  blue  flame,  soluble  in  water  with  formation  of  a  solution  from 
which  tellurium  separates  upon  exposure  to  the  air.  By  acting  upon 
solutions  of  compounds  of  metals  with  hydrogen  telluride  solution,  UUu- 
rides  may  be  formed,  some  of  which  are  insoluble.  Solutions  of  tellurides 
separate  tellurium  spontaneously  on  standing  exposed  to  the  air. 

Tellurium  dichloride^  TeClj,  and  tellurium  tetrachloride ,  TeC^,  are 
crystalline  substances  formed  by  direct  combination  of  chlorine  with 
tellurium,  easily  melted  and  vajwrized,  and  decomposed  by  water,  with 
formation  of  tellurous  acid.  Similar  bromides  and  iodides  of  tellurium 
are  known. 

By  the  action  of  tellurium  upon  sulphur  trioxide,  tellurium  sulphur 
trioxide,  TeSOg,  may  be  formed  as  a  red,  amorphous,  transparent  soliil, 
which  melts  at  30°.  is  decomposed  by  water  with  formation  of  tellurium 
and  other  products,  and  may  be  decomposed  by  heating,  with  formation 
of  sulphur  dioxide  and  tellurium  monoxide,  TeO,  a  brownish  black, 
amorphous  solid.  By  acting  upon  tellurium  monoxide  with  sulphuric 
acid,  a  red  solution  is  obtained,  from  which  crystals  of  tellurium  sulphate^ 
Te(S04)2,  separate,  while  the  compound  TeSOg  remains  in  solution. 
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Zn=0  +  2  ^-F  =  Z«<(p  +  H-O-H 
Zn<(^)<:=0  +  2  H^¥  =  Z«<(p  +  H-O-H  +  C^ 

Zn  4-  2  ^-F  =  Zn<^  -h  H-H 

The  fluorides  of  many  other  positive  elements,  such  as  calcium  fluor- 
ide, CaFj,  and  aluminium  fluoride,  AIF3,  are  known,  as  well  as  fluorides 
of  some  negative  elements,  such  as  boron  fluoride,  BF^,  and  silicon 
fluoride,  SiF4. 

In  the  simple  fluorides,  like  boron  trifluoride,  BF3,  and  silicon  tetra- 
fluoride,  SiF4,  of  which  the  molecular  weights  and  molecular  symbols 
may  be  found  from  the  specific  gravities  of  the  gaseous  substances, 
fluorine  exhibits  a  valence  of  I.  These  simple  fluorides  may  be  con- 
sidered to  be  derived  from  "hydrofluoric  acid,  of  the  constitution  H  — F, 
which  exists  at  100**,  by  the  complete  replacement  of  hydrogen  by  other 
elements.  There  are,  however,  more  complex  fluorides  which  corre- 
spond to  a  hydrofluoric  acid,  of  the  constitution  H^^F^,  which  exists  at  30**. 
Thus,  although  neutral  fluorides  of  the  ordinary  type  may  be  formed  by 
the  complete  replacement  of  the  hydrogen  of  hydrofluoric  acid  by  posi- 
tive elements,  when  the  hydrogen  is  only  partially  replaced,  acidic  fluor- 
ides containing  hydrogen  may  be  formed,  and  the  same  compounds  may 
be  obtained  by  the  direct  combination  of  neutral  fluorides  with  hydro- 
fluoric acid.  Thus,  by  the  action  of  an  excess  of  hydrofluoric  acid 
upon  potassium  hydroxide,  or  potassium  carbonate,  or  by  the 
combination  of  hydrofluoric  acid  with  potassium  fluoride,  the 
acidic  potassium  hydrogen  fluoride,  KHF2,  may  be  formed. 

^_0-H  -I-  2^-F  =  II  -h  H-O-H 

H-¥ 

fc8>=0  +  4^-F  =  2^J+<g-f.  H-O-H      . 

K-F 
K-F-t-H-F=  II 

^-F 

Boron  fluoride,  BF3,  combines  with  hydrofluoric  acid,  HF,  to  form 
hydrogen  borofluoride,  HBF4  (hydrofluoboric  acid),  which  acts  upon 
bases  and  other  suitable  compounds  to  form  salts  known  as  fliwlwrales, 
such  as  sodium  fluoborate,  NaBF4.  Similarly,  silicon  fluoride,  SiF4,  com- 
bines with  hydrofluoric  acid  to  form  hydrogen  silicofluoride,  H^SiFe 
(hydrofluosilicic  acid),  which  forms  salts  known  2&  flu 0 silicates, 
u 


290  OUTLINES   OF   INORGANIC    CHEMISTRY 

■  I 

Such  compounds  may  be  regarded  as  double  fluorides,  and,  as  has 
been  intimated  in  our  study  of  the  compounds  of  boron  and  silicon,  thcj 
may  also  be  considered  to  be  derived  from  boric  acid  and  silicic  acid 
respectively,  by  substitution  of  fluorine  for  oxygen.  Many  double  fluorides 
of  two  or  more  elements,  such  as  AsF^  •  KF,  and  AsFj  •  2  KF,  are  known, 
and  the  similar  cryolite ^  3  NaF  •  AIF3,  is  found  as  a  mineral. 

Insoluble  The  fluorides  of  the  alkali  earth  elements  are  insoluble  and 

Fluorides.  f^ay  be  formed  as  precipitates.  When  a  soluble  calcium  com- 
pound, such  as  calcium  chloride,  is  added  to  a  water  solution  of  a 
fluoride  like  sodium  fluoride,  NaF,  white  calcium  fluoride^OiSi^^ 

precipitated, 

2  NaF  +  CaClj  =  CaFj  +  2  NaCl 

and  by  acting  upon  a  solution  of  sodium  fluoride  with  soluble 
barium  chloride,  white  barium  fluoride y •  BaFg,  is  precipitated. 

2  NaF  +  BaCla  =  BaFj  +  2  NaCl 
Strong  acids  act  upon  these  insoluble  fluorides. 

Etching  of  ^^^  action  of  hydrofluoric  acid  upon  silicates  to  fo^ 

Glass  by  gaseous  silicon  fluoride ^  which  acts  upon  water  to  form  sihiv 
Hydrofluoric  acidy  may  be  utilized  to  identify  hydrofluoric  acid  aruip^^' 
^ci*-  if/^s.    Although  anhydrous  hydrogen  fluoride  is  without  action 

upon  glass,  ordinary  hydrofluoric  acid  attacks  glass,  etching  its  surface, 
and  rendering  it  opaque.  When  a  substance  containing  a  fluoride  a 
finely  divided  condition  is  moistened  with  concentrated  sulphuric  acid 
and  very  gently  warmed,  hydrofluoric  acid  is  evolved  and  will  atu« 
any  exposed  surface  of  glass.  If  now  a  watch  glass  previously  cover^- 
with  a  layer  of  paraffin,  and  marked  with  a  design  cut  throi^h  the 
paraffin,  is  placed  upon  the  dish  and  allowed  to  remain  for  a  suitable 
time,  the  design  will  be  found,  after  removing  the  paraflin,  tohaveb^^ 
permanently  etched  into  the  glass. 

If  to  a  substance  containing  a  fluoride,  sulphuric  acid  and  a  scqj 
quantity  of  powdered  glass  or  some  other  silicate  are  added  and  tne 
mixture  warmed,  gaseous  silicon  fluoride  is  evolved,  which  on  strike?/ 
moistened  glass  rod  held  over  the  opening  of  the  vessel  deposits  on  iw 
rod  a  coating  of  gelatinous  silicic  acid. 

Electrolysis  ^^  ^^^  electrolysis  of  pure  anhydrous  hydrogen  fluoride, ^^-^ 
of  Hydrogen  proper  conditions ^  fluorine  may  be  liberated.  Fluorine  id3^ 
Fluoride.  •  ^g  obtained  in  quantity  by  passing  a  strong  electric  currei: 
through  a  mixture  of  5  parts  of  anhydrous  hydrogen  fluoride,  and  i  P*; 
of  potassium  hydrogen  fluoride  contained  in  a  U-tube  of  iridium-pJ"" 


In  like  manner  chlondes  ol  nearly  all  the  more  pontiu 
elements,  including  the  alkali  elements  and  alkali  earth  ek 
ments  and  the  heavier  metals,  may  be  made  by  the  aclior. 

of  hydrochloric  acid  upon  the  elements  themselves  or  their  oxides, 

hydroxides,  or  suitable  salts. 

Insolable  From  soluble  chlorides,  the  chlorides  of  sihyer,  mercurx  ic 

ChloridM.       ify  condition  of  lower  valence,  and  lead  may  be  formed  a. 

insoluble  precipitates. 
When  to  a  soluble  silver  compound  such  as  silver  nitrate,  AgNOn 

is  added  a  solution  of  hydrochloric  acid,  or  of  a  soluble  chlond* 


c  compounus  containing  oxygen  may  oe  lormeo.  ints 
decomposition  of  water  by  chlorine  is  the  revereal  of  the  reaction  U 
which  chlorine  and  water  are  formed  in  the  reaction  between  oxy^ 
and  hydrogen  chloride,  and  must  be  represented  as  a  reversible  reactioc 

2  H,0  +  3  Cl,:5i*:4  HCI  +  O, 

Chloiinam*  The  action  of  chlorine  in  liberating  oxygen  from  wtia 
aBlaachlDg  explains  its  use  as  an  indirect  oxidizing  agent  in  the  pro- 
Agent-  ence  of  moisture.     Thus,  vegetable  coloring  matters,  pki 

as  those  found  in  (he  leaves  of  flowers  and  in  artificial  dyes,  are  .:; 
bleached  by  chlorine  in  the  presence  of  moisture,  although  dry  chlonne 
fails  to  act  upon  them.  In  the  same  manner  the  impurities  in  ortlinir} 
air,  such  as  the  panicles  which  cause  bad  odors  and  the  vcgetit4e 
organisms  which  spread  disease,  are  destroyed  by  moist  chlorine,  whicb 
is  therefore  a  valuable  disinfectant  and  antiseptic.  It  is  probable  iha: 
the  bleaching  of  most  coloring  matters  as  well  as  the  destruction  ui' 
organic  particles  and  organisms  is  due  to  the  action  of  the  oxr^fl^. 
which,  at  the  moment  of  its  liberation  by  chlorine,  is  lar  more  act;vc 
than  ordinary  oxygen.  Large  quantities  of  chlorine,  and  of  compouiic* 
which  readily  evolve  chlorine,  are  used  for  bleaching  cloth  fabrcs,  ii 
well  as  for  disinfecting  and  sterilizing.  The  use  of  chlorine  as  a  bleacher 
requires  the  subsequent  application  of  a  suitable  substance,  such  as  >> 
dium  thiosulphate,  as  an  anticklor  to  remove  from  the  fabric  the  eicess 
of  chlorine  and  the  hydrochloric  acid  formed, 

ChloiHu  and  Chlorine  acts  upon  gaseous  hydrocarbons  spootaneonsl)- 
Hydro-  and  often  with  explosive  violence.     In  the  action  of  chlo- 

***'"°''  rine  upon  methane,  CH„  four  products,  methyl  ekbr.ii. 

CHjCI,  methylene  chloride,  C(H/;i„  chloroform,  CHCl^  and  carkn 
tetrachloride,  CC1„  are  obtained.  Of  these  the  first  is  a  gas  aod  iK 
others  are  colorless  liquids  of  low  boiling  points. 

CH<  +  CI,     =  CHaCl   +  HCI 

CH,  +  2  CI,  =  CHjCl,  +  2  HCI 

CH.  +  3  CI,  =  CHClj  4-  3  HCI 

CH,  +  4  Cli  =  CCl,  +  4  HCI 
Chloroform  is  of  importance  as  an  anesthetic.  Chlorine  dttrvatirts 
(rf  many  other  hydrocarbons  may  be  made  in  similar  manner,  and  wt.« 
the  hydrocarbon  is  rich  in  carbon  sonte  of  this  element  may  be  set  int- 
Thus,  a  piece  of  paper  wet  in  turpentine,  CmH,,,  when  thrust  into  a  far  of 
dry  chlorine,  bursts  into  flame  and  evolves  clouds  of  finely  divided  carbce. 


\ci 

Carbenyl  chloride,  COClj,  may  ba  formed  by  ccHnbioation  of  chloiioe 
and  carbon  monoxide,  CO. 

c-0  +  ci-a  =  c-a 

CUot-  Compounds  of  chlorine  with  oyides  of  the  more  n^atin 

anliydtldes.  elements,  such  as  nitroxyl  chloride,  NOjCl,  nitrosyl  chloride, 
NOCl,  sulphury!  chloride,  SO^lj,  and  carbonyl  chloride,  COCli,  arc  called 
/lUini'i^^^rMiri',  because  they  maybe  hydrolyaed  with  formation  of  hydro- 
chloric acid  and  an  acid  formed  by  the  replacement  of  tli«  chkxiic 
of  the  chloranhydride  by  the  hydroxyl  group. 

NO,CI  +  H^     =  HQ     +  HNO, 

S0,C1,  +  a  HjO  =  a  HCl  +  H^, 

COCI,  +  a  H/)  =  a  HCl  +  H^O, 

».  a  HCl  +  H.O  +  CO, 

Chlorine  and  Certain  oxides  with  which  chlorine  will  not  comhtne  may 
Oiida*  with  be  attacked  by  chlorine  in  presence  of  a  suitable  reducine, 
'^'*°°"  agent.    Thus,  when  chlorine  is  passed  over  alumtniiin 

oxide,  Al/>g,  heated  to  redness  in  the  presence  of  finely  di^'idcd 
carbon,  aluminium  chloride,  AlClg,  and  cartMn  monoxide,  CO,  art 
formed  simultaneously. 

Alp,  +  3C  +  3CI,  =  aAlCl,  +  3CO 
Siniilaity,  boron  trichloride,  BClj,  is  obtained  by  passing  chlorine  into 
a  heated  mixture  of  boron   trtoxide,  BP»  and  carbon ;  and  ^lieoa 


all  ot  wliich  are  tound  native.  Another  important  mineral  cnioniie  a 
camalliU,  KCl  ■  MgCl,  ■  6  H,0,  and  other  complex  minerals,  such  as 
matlockite,  PbCl,  ■  PbO,  and  atacamiU.  Cu^KOH)^  occur  in  snul 
quantities.  We  have  also  studied  the  chlorides  of  boron,  Jumimam, 
carbon,  silicon,  nitrogen,  phosphorus,  and  sulphur,  which  decompose 
water  often  spontaneously,  and  take  part  In  many  chemical  changn. 
We  have  still  to  study  the  chlorides  of  copper,  silver,  gold,  rinc,  lea4 
tin,  iron,  and  of  some  other  elements.  Sodium  chloride  is  used  asi 
food  and  as  a  source  for  sodium  carbonate  and  chlorine  compound.': 
potassium  chloride  is  used  as  a  fertilizer  and  as  a  source  for  potassiniti 
nitrate  and  other  potassium  compounds  \  some  of  the  chlorides  of  Da- 
tive elements  are  useful  reagents. 

Double  The  chlorides  of  certain  positive  elements  comhimt  ntih 

Chlorideg.  ^il/^  ^„^  analher  to  form  double  chlorides.  By  bringmi; 
different  chlorides  together  in  solution  in  proper  proportions  and  e^-ipo- 
rating  the  mixtures,  many  double  chlorides  may  be  formed,  some  of 
which  are  anhydrous,  while  others  contain  water  of  crystallization.  Wt 
have  already  noted  the  double  chloride  NaCl  ■  AlCl,,  Tho  donblt 
chloride  found  in  the  mineral  camallite,  KCl  ■  MgCl,  ■  6  H^,  and  ihe 
sodium  compound,  NaCI  ■  MgCl,  ■  H^O,  may  be  made  artificiallv. 
Among  the  many  double  chlorides  of  the  alkali  elements  with  meuis 
are  KCl  ■  AgCl,  KCl  ■  AuCI,  KCl  ■  PtCl^  and  z  KCl  -  PtCU- 

Qtitn  mat  Although  chlorine  does  not  combine  with  oxygen  directlr, 

"  "*  "■  three  chlorine  oxides  may  be  formed  indirectly,  whik  three 
acidic  chlorine  hydroxides  are  known.  All  the  compounds  conlainiiij 
chlorine  and  oxygen  may  be  readily  decomposed. 


Chlorine  monoxide,  C!,0  Hypochlorous  acid,  HCIO" 

[Chlorous  acid,  HCIOJ  t 
Chlorine  dioxide,  ClOt 

Chloric  acid,  HCIO, 

Chlorine  heptoxide,  CI/),  Perchloric  acid,  HClOj 


as  sodium  sulphate,  hypochlorous  acid  and  sodium  chloriiie  an 
formed. 

CI,  +  Na^i  -+-  H,0  =  HCIO  +  NaCl  +  NaHSO, 
When  the  dilute  solution  of  hypochlorous  acid,  containing  chloiite 
or  other  salts,  is  diGtilled,  the  kypoihloroui  acid,  HCIO,  passes  am  » 
the  distillate  and  condenses  in  a  water  solution,  which  is  colorless  ric 
dilute  and  orange-yellow  when  concenttated,  and  which  possess ' 
characteristic  odor  like  that  of  chlorine.  When  concenuated  solunMi 
containing  hypochlorous  acid  are  distilled,  some  of  the  acid  naydKo* 
pose  with  liberation  of  chlorine,  but  this  may  be  expelled  bj  blo«it! 
a  current  of  air  through  the  solution. 

_^^  Hypochlorous  add  de<emposei  under  tiu  acHn  of  h^i " 

tlon  of  Hypo-  heat  into  hydrochloric  acid  and  oxygen,  or  inlB  irrfrotS"""- 
AdT"*  ""'^  "'"'  '^^""^  ''"^>  "'■  ^^^^""^  <'"^  waUr,  mer&s. ' 
the  conditions.  When  a  solution  of  hypochloroas  atiu 
HCIO,  is  allowed  to  stand  exposed  to  light  or  is  warmed,  oiygM  ^ 
slowly  evolved,  and  hydrochloric  acid  is  formed  in  solution. 

aH-O-Cl  =  aH-Cl  +  O=0 
At  the  same  time  some  chloric  acid,  HCIO*,  may  be  fonned  br  *( 
decomposition  of  the  hypochlorous  acid  in  proper  proportions, 

3  H-O-Cl  =  3  H-Cl  +  H-O-O^ 

and  by  the  reaction  of  the  chloric  acid,  HC!0»  with  the  bjilro- 
chloric  acid,  chlorine  may  be  evolved  and  water  formed. 

H-O-CI^  +  sH-Cl  =  3CI-CI  +  3H-O-H 

At  the  same  time  the  hypochlorous  acid  may  react  directly  w* 't' 
hydrochloric  acid  to  form  water  and  liberate  chlorine. 

zH-G-CI  +  aH-Cl  =  2CI-CI  4-  aH-O-H 
Dilute  solutions  of  hypochlorous  acid  decompose  only  slighllj »"' 
allowed  to  stand  in  the  light  or  when  warmed,  but  when  the  wl""*' 
are  concentrated,  the  decomposition  will  proceed  to  an  extent  depo"^- 
upon  conditions  of  concentration  and  temperature. 


other  hydroxides  and  carbonates  may  be  similarly  acted  upon  bv 
chlorine.  Potassium  chlorate,  KClOg,  is  made  commercially  by  paainj; 
chlorine  in  excess  into  milk  of  lime  anii  adding  an  equivalent  aiiioun[ 
of  potassium  chloride.  It  forms  tabular  crystals  which  melt  at  359°  and 
b^in  to  decompose  at  372°.  It  is  used  in  medicine,  and  in  the  manu- 
facture of  matches  and  of  fireworks.  The  more  soluble  sodium  ckkraB. 
NaClOg,  is  made  by  adding  sodium  sulphate  to  a  solution  of  cakinm 
chlorate  made  by  saturating  milk  of  lime  with  chlorine.  The  chlorate 
arc  also  made  by  the  electrolysis  of  solutions  of  the  corresponding 
chlorides  in  presence  of  an  alkali  hydroxide  or  under  conditioos  which 
permit  the  chlorine  evolved  at  the  anode  to  act  upon  the  basic  hydioiide 
formed  at  the  cathode  at  a  temperature  sufficient  to  decompose  liie 
hypochlorite  first  formed. 

DlMocUtion  HOien  chlorates  are  sufficiently  heated,  oxygen  it  nvlred- 
ofChlormtei.  When  sodium  chlorate,  NaCIOj,  is  sufficiently  haai. 
oxygen  is  evolved,  and  sodium  chloride,  NaCI,  remains  as  residue. 

aNa-O-Cl^  =  2  Na-Ci  +  30=0 

If  the  heat  of  the  reaction  be  moderated,  sodium  perchlorate,  NaC't 
may  be  formed  as  an  intermediate  product.  This  action  will  be  discussed 
presently. 

Potassium  chlorate,  KCIO,,  and  other  chlorates,  may  be  simiUrh 
decomposed  by  sufficient  heating.  Oxygen  is  usually  prepared  for 
laboratory  purposes  by  heating  potassium  chlorate.  The  presence  <x 
certain  oxides  of  metals,  such  as  manganese  dioxide,  MnO„  ferric  0x1. !e. 
Fe^Oj,  cupric  oxide,  CuO,  facilitates  the  decomposition  of  chlorates  ''■• 
heat,  by  mechanically  preventing  the  fiisioQ  of  the  mass,  and  also  ^y 
catalytic  action. 

The  chlorates  are  strong  oxidizers,  and  dry  mixtures  containing  chk>- 
rates  and  sulphur,  phosphorus,  or  combustible  carbon  compounds  "-T 
detonate  violently  when  heated  or  when  sharply  struck.  j 

Chloric  acid  may  be  formed  from  chlorates  fy  Ike  acltr* 
oj  suitable  reagents  in  solution.  1 

Dilute  sulphuric  acid  acts  upon  chlorates  in  solution  to  form  dOork 
acid.     Thus,   when   dilute   sulphuric   acid   acts   upon  potassicx 
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By  the  action  of  hydrochloric  acid  upon  chloric  acid,  chlorine  and 
water  are  formed,  with  some  admixture  of  chlorine  dioxide,  depending 
upon  conditions  of  dilution  and  temperature* 

H-O-Cl^Q  -h  5H-CI  =  3CI-CI  +  3H-O-H 
2H-0-Cl^  +  2H-CI  =  Cl-Cl  +  2C1^  +  2H-O-H 


The  addition  of  hydrochloric  acid  to  a  chlorate,  or  of  sulphuric  acid 
to  a  mixture  of  a  chlorate  and  a  chloride,  such  as  may  be  obtained  in 
solution  by  the  action  of  chlorine  upon  basic  hydroxides  or  carbonates 
of  positive  elements,  results  in  the  formation  of  a  chloride  or  sulphate 
respectively,  and  the  liberation  of  chlorine. 

Chloric  acid  is  a  strong  oxidizer,  and  its  concentrated  water  solution 
will  cause  sulphur,  phosphorus,  alcohol,  and  paper  and  other  combustible 
substances  to  inflame  spontaneously  when  brought  into  contact  with  it 
It  neutralizes  bases,  with  the  formation  of  corresponding  chlorates  and 
water. 

Perchlorates  may  beformedy  together  with  the  corresponding 
chlorides^  by  suitably  heating  chlorates.  When  sodium 
chlorate,  NaClOj,  is  gently  heated,  oxygen  is  slowly  evolved,  and  if 
the  operation  is  stopped  when  one  third  of  the  oxygen  has  been  liberated, 
sodium  chloride  together  with  sodium  pjrchlorate  remain  behind  in  a 
fused  mass. 

2Na-0-ClCX  =  Na-0-Cl=0  -f  Na-Cl  +  0=0 
^^  %0 

The  more  soluble  sodium  chloride  may  be  dissolved  out  from  the  mass, 
leaving  the  nearly  pure  sodium  perchlorate. 

When  heated  sufficiently,  sodium  perchlorate  is  decomposed  with 
formation  of  sodium  chloride  and  evolution  of  oxygen. 

NaC104  «  NaCl  +  2  O, 

Potassium  perchlorate^  KCIO4,  may  be  obtained  similarly,  and  has 
similar  properties. 

p§rcfnorie  Perchloric  acid  may  be  formed  by  the  action  of  strong 

Acid.  sulphuric  acid  upon  perchlorates.    When  sodium  perchlo- 

rate, NaC104i  is  heated  with  an  excess  of  sulphuric  acid,  ptrehlmc 
acid,  HCIO4,  and  sodium  sulphate  are  formed. 


ments.     WhcD  dissolved  in  water,  it  forms  hypothlorous  acid,  HCK.'. 

^[))0  +  H-O-H  =  2H-0-a 

It  will  oxidize  calcium  chloride,  CaCl,,  and  other  simile  chlorides,  w 
coiresponding  hypochlorates,  witli  evolution  of  chlorine, 

Cbloilne  Chlorine  dioxide,  CIOi,  a  yellowish  green  gas,  of  chanc- 

iHMcld*.  teristic  odor,  soluble  in  water,  readily  condensed  to  a  da^i 

red  liquid  which  boils  at  9.9°  and  at  —79°  forms  an  orange-coloifl 
solid,  is  a  product  of  the  decomposition  of  chloric  acid,  HClOi.  b; 
heat,  perchloric  acid  and  water  being  formed  simultaneously. 

jH-O-Cl^  =  H-0-Cl=0  +  aCI^Q  +  H-O-H 

It  is  produced  when  potassium  chlorate,  KCIO„  is  acted  upon  tf 
an  excess  of  concentrated  sulphuric  acid. 

6  KCIOj  +  3  H^O.  =  1  HC104  +  4  CIO,  -(-  2  H,0  +  3  K^. 
It  may  be  prepared  by  heating  a  mixture  of  potassium  chlorate,  KCK>. 
sulphuric  acid,  and  oxalic  acid,  HjCtOi,  to  70°,  in  a  water  bath,  u-: 
passing  the  evolved  gases  into  tubes  cooled  by  a  freezing  mixture, 

2  KCIO,  +  HjCjO,  +  H^,  =  2  CIO,  +  2  H,0  +  K^,  +  2  CO. 
The  reddish  brown  liquid  thus  obtained  may  be  distilled  without  deccT' 
position  if  the  temperature  be  kept  below  30°.  Chlorine  dioxide  - 
extremely  unstable,  decomposing  when  heated  or  acted  upon  by  -' 
electric  spark  with  formation  of  chlorine  and  oxygen,  the  decompositix 
taking  place  with  explosive  violence. 


zCl^  =  Ci-CI  +  20=0 


hydrogen  chloride:  Aot  some  chlorides  of  positive  elements  eombine  wid 
one  another  to  form  double  chlorides;  and  that  some  thieridts  an 
insoluble  and  may  be  formed  as  precipitates. 

Hypochlorites  may  be  made  by  the  action  of  chlorine  upon  basic 
hydroxides  or  upon  carbonates  in  excess;  may  be  decomposed  by  hea/ieg, 
forming  chlorides  and  chlorates  and  oxygen  ;  and  are  acted  upon  b\  a^tds. 
with  formation  of  solutions  of  hypochlorous  acid,  which  may  be  stMilarh 
decomposed  by  heating.  Hypochlorous  acid  may  also  be  made  in  soluHe* 
by  the  action  of  chlorine  upon  water,  best  in  presence  of  Mercuric  oxide, 
or  of  certain  salts. 

Some  chlorites,  with  chlorates,  may  be  made  by  the  action  of  chUrine 
dioxide  upon  basic  hydroxides. 

Some  chlorates  may  be  made  by  the  action  of  chlorine  in  excess  ufiv 
basic  hydroxides  or  upon  carbonates;  may  be  decomposed  by  heating,  antk 
formation  of  chlorides,  perchlorates,  and  oxygen;  and  are  acted  upon  h 
acids,  with  formation  of  chloric  acid,  which  may  be  decomposed  h 
heating  with  erolution  of  chlorine,  or  chlorine  dioxide,  and  oxygen. 

Perchloric  acid  may  be  formed  by  the  action  of  acids  upon  percUc 
rates,  and  decomposes  readily  with  evolution  of  oxygen. 

Chlorine  monoxide  may  be  made  by  acting  upon  mercuric  oxide  vili 
chlorine,  and  dissolves  in  water  to  form  hypochlorous  arid;  chlorine 
dioxide  is  made  by  decomposing  chloric  acid,  and  dissoA-es  in  iraltr  » 
give  an  acidic  solution  from  which  chlorates  and  chloriUs  may  be  formed  ■ 
chlorine  heptoxide,  made  by  dehydrating  perchloric  acid,  dissolves  in  vfler 
to  form  perchloric  acid.  All  the  clilorine  oxides  are  powerful  oxidiun 
and  are  explosive. 


hydroxides:  that  sulphuric  acid  decomposes  some  chlorides,  formini 
hydrogen  chloride;  that  some  chlorides  of  positive  elements  combine  -anlk 
one  another  to  form  double  chlorides;  and  that  some  ehioridts  art 
insoluble  and  may  be  formed  as  precipitates. 

Hypochlorites  may  be  made  by  the  action  of  chlorine  upon  ham 
hydroxides  or  upon  carbonates  in  excess  ;  may  be  decomposed  by  heating, 
forming  chlorides  and  chlorates  and  oxygen  ;  and  are  acted  upon  by  acidi, 
with  formation  of  solutions  of  kypochlorous  acid,  which  may  be  similaTh 
decomposed  by  heating.  Hypochlorous  acid  may  also  be  made  in  solnhen 
by  the  action  of  chlorine  upon  water,  best  in  presence  of  mercuric  oxide, 
or  of  certain  salts. 

Some  chlorites,  with  chlorates,  may  be  made  by  the  acSon  of  chUrint 
dioxide  upon  basic  hydroxides. 

Some  chlorates  may  be  made  by  the  action  of  chlorine  in  excess  ufi^ 
basic  hydroxides  or  upon  carbonates;  may  be  decomposed  by  heating,  rciH 
formation  of  chlorides,  perchlorates,  and  oxygen;  and  are  acted  upon  h 
acids,  with  formation  of  chloric  acid,  which  may  he  decomposed  by 
heating  with  evolution  of  chlorine,  or  chlorine  dioxide,  and  oxygen. 

Perchloric  acid  may  be  formed  by  the  action  of  acids  upon  perckh- 
rates,  and  decomposes  readily  with  evolution  of  oxygen. 

Chlorine  monoxide  may  be  made  by  acting  upon  mercuric  oxide  teilk 
chlorine,  and  dissolves  in  water  to  form  hypochlorous  acid;  ckhrimt 
dioxide  is  made  by  decomposing  chloric  acid,  and  dissolves  in  water  * 
give  an  acidic  solution  from  which  chlorates  and  chloriUs  may  be  formed: 
chlorine  heptoxide,  made  by  dehydrating  perchloric  acid,  dissolves  in  v^attt 
to  form  perchloric  acid.     All  the  chlorine  oxides  are  powerful  oxsdisen 

Manufacuirini  The  chlorine  compound  first  in  importance  technicallr 
proeeiit:  is  hydrochloric  acid,  which  is  maniiractiired  from  sodinra 
chloride  principally  as  a  by-product  of  the  Leblinc  soda  process,  and  k 
employed  as  a  source  of  chlorine,  which  is  used  in  making  solutions  cf 
hypochloriUs,  bleaching  powder,  chlorates,  and  other  compounds,  and  is 
also  liquefied  and  used  in  that  condition  for  many  purposes. 
Hrdrochloilc  We  have  already  seen  that  the  formation  of  hydrockUn; 
Acid.  acid  by  ihe  action  of  sulphuric  acid  upon  sodium  chloride 

takes  place  in  two  stages,  the  first  consisting  of  the  formabon  of  sodioiE 
hydrogen  sulphate, 

NaCl  +  Hj30,  =  NaHSO,  +  HCl 


I 


waste  product,  while  the  Deacon  process  depends  upon  the  oxidiiiri; 
action  of  a  copper  compound,  and  results  in  ihe  liberation  of  nearly  '^.. 
the  chlorine.  Both  processes  may  be  worked  continuously,  wilbOT; 
intenuption,  the  residues  of  manganese  and  copper  compounds  be:E; 
convertible  into  the  original  oxidizing  compounds  by  the  action  of  tk 
air,  the  conversion  of  the  manganese  compound  requiring  the  addit.oa 
of  an  outside  product,  wliile  the  copper  compound  may  be  com-ened 
at  the  expense  of  a  small  amount  of  heat  only. 

ThftWeldon  The  Weldon  process  is  based  upon  the  action  of  nun- 
ProMM.  ganese  dioxide  upon  hydrochloric  acid,  which  may  coos'jI 
first  in  the  formation  of  manganese  tetrachloride,  MnCl,, 

4  HCI  +  MnO,  ==  MnCI,  +  a  H,0 
which  decomposes  into  manganous  chloride,  MnCl„  and  chlorine, 

MnCl^  =  MnCij  +  CI, 
both  reactions  taking  place  simultaneously. 

4  HCI  +  MnO,  =  MnCI,  +  CIj  +  a  H,0 
In  practice  other  manganese  oxides,  such  as  Mn,Oi  and  Mn,0,.  whic' 
may  be  present  in  the  ores  employed,  may  enter  into  similar  reacti>^r.r. 
with  evolution  of  chlorine. 

The  manganous  chloride,  MnClj,  formed  as  a  residue,  may  be  oxidizeT; 
by  atmospheric  oxygen,  in  the  presence  of  calcium  oxide,  at  high  tem- 
perature, with  the  formation  of  manganese  dioxide,  MnO^  and  calciuT:: 
chloride,  CaClj. 

J  MnClj  +  .2  CaO  +  O^  =  a  MnO.  +  2  CaQ, 
In  practice,  instead  of  pure  manganese  dioxide,  MnO»  a  residue  i: 
recovered  which  has  the  composition  of  calcium  manganite,  CaMoO.. 
together  with  some  manganic  oxide,  MnjOj,  and  may  be  utilized  instei: 
of  the  pure  manganese  dioxide  in  the  chlorine  manufacture.  The  cl- 
cium  chloride  produced  as  a  final  residue,  containing  one  half  of  ir 
chlorine  origin^iUy  present  in  the  hydrochloric  acid,  is  a  waste  pnnLr- 
'I'he  last  part  of  the  process,  by  which  the  manganese  dioxiiic  deslrnt. 
is  "  recovered  "  frorn  the  manganous  chloride  residues,  makes  the  pnKt-" 
a  continuous  one,  although  in  the  actual  working  of  the  process  racrr 
than  half  the  chlorine  of  the  hydrochloric  acid  is  lost. 

In  the  operation  of  the  Weldon  process  the  pyrolusite  or  other  man- 
ganese ore  employed  is  mixed  with  hydrochloric  acid  in  sniiably  cor- 
structed  sandstone  stills,  and  heated  by  jets  of  steam,  when  the  chlor-w 
evolved  passes  out  through  earthenware  or  leaden  pipes,  provided  ■■;!■ 
water  traps  by  which  the  flow  of  gas  may  be  regulated.  The  chlonac 
evolved  may  be  utilized  in  gaseous  form,  or  may  be  liquefied  and  pre- 
served in  containers  under  pressure. 
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action  of  chlorine  upon  calcium  hydroxide,  Ca(OH)j,  in  solution  results 
chiefly  in  the  formation  of  calcium  hypochlorite,  Ca(C10)2,  when  the 
calcium  hydroxide  is  in  excess, 

2  Ca(0H)2  -f  2  CI,  =  Ca(OCl)s  -f-  CaClj  +  2  H,0 

and  of  calcium  chlorate,  Cb(C\0^,  when  the  chlorine  is  in  excess, 

6Ca(0H),  +  6CI2  =  Ca(C103)2  +  5  CaCl,  +  6HjO 

calcium  chloride  being  formed  in  both  cases. 

For  the  production  of  calcium  hypochlorite ,  Ca(C10)j,  the  chlorine  is 
allowed  to  act  in  the  cold  upon  calcium  hydroxide ;  while  to  obtain  cal- 
cium chlorate^  Ca(C108)2i  the  chlorination  of  calcium  hydroxide  is  effected 
in  a  hot  solution.  To  obtain  potassium  chlorate,  milk  of  lime  at  100° 
is  saturated  with  chlorine  in  tanks  provided  with  stirrers,  and  the  resulting 
liquid  is  run  off  into  tanks,  allowed  to  settle,  and  is  then  treated  with  an 
equivalent  amount  of  potassium  chloride.  The  resulting  solution  is  con- 
centrated in  iron  pans,  and  the  potassium  chlorate  is  allowed  to  crystal- 
lize out  from  the  mother  liquor,  which  is  thrown  away.  The  crude 
crystals  may  be  purified  by  recrystallization  and  ground,  great  care  being 
taken  to  prevent  explosion. 

Potassium  chlorate  is  now  produced  commercially  on  a  very  large  scale 
by  the  electrolysis,  under  carefully  regulated  conditions,  of  a  solution  of 
potassium  chloride,  the  potassium  separated  at  the  cathode  acting  upon 
the  water  to  form  hydrogen  and  potassium  hydroxide,  which  is  acted 
upon  by  the  chlorine,  liberated  at  the  anode,  to  form  potassium 
chlorate  in  solution.  _ 

KCl  =  K  +  CI 

2  K  +  2  HjO  =  2  KOH  -f  Hj 

6  KOH  -h  3  CI,  =  KCIO3  -h  5  KCl-H  3  H,0 

Sodium  chlorate  is  produced  in  a  similar  manner  by  the  electrolysis  of 
sodium  chloride.  It  is  of  practical  advantage  in  making  potassium 
chlorate  to  first  produce  sodium  chlorate  by  the  electrolytic  process, 
and  then  to  act  upon  it  with  potassium  chloride  under  definite  con- 
ditions of  concentration. 

A  solution  containing  the  mixed  calcium  hypochlorite. 

Compounds.     Ca(C10)2,  and  calcium  chloride,  made  by  passing  chlorine 

into  milk  of  lime,  kept  at  about  30®,  in  tanks  provided  with 

stirrers,  may  be  used  as  a  bleach  liquor,  but  owing  to  its  instability  it 

soon  becomes  inactive  when  exposed  to  the  air. 

When  chlorine  gas  is  absorbed  by  dry  calcium  hydroxide,  Ca(OH)j, 
yellowish  white  bleaching  poiculer  is  obtained,  which  contains  a  com- 
pound of  the  composition,  CaCl,0,  which  does  not  rapidly  decompose 
when  allowed  to  stand  exposed  to  air  in  dry  condition, 

Ca(0H)8  -h  CI,  =  CaClaO  +  HjO 
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to  a  solution  of  a  bromide  exceeds  a  moderate  limit,  bromine  is  set  free 
by  the  oxidizing  action  of  the  excess  of  sulphuric  acid  upon  the  hydrogen 
bromide.  Certain  other  acids,  hke  phosphoric  acid,  HsP04,  which  part 
with  their  oxygen  less  easily,  act  upon  bromides  even  in  concentrated 
solution,  to  form  hydrogen  bromide  without  the  separation  of  bromine. 

Hydrogen  bromide  may  also  be  made  by  combination  of  bromine  with 
hydrogen  in  the  presence  of  spongy  platinum  or  other  catalytic  agent, 
and  by  the  action  of  bromine  upon  a  hydrocarbon,  and  in  other  ways. 

Hydrogen  bromide,  HBr,  is  a  colorless  gas  of  specific  gravity  80.97, 
condensing  to  a  liquid  at  very  low  temperature,  and  under  great  pressure, 
forming  a  solid  at  —  120°,  which  melts  at  —87°  and  boils  at  —73''- 
In  moist  air  gaseous  hydrogen  bromide  fumes  strongly.  It  dissolves 
readily  in  water,  forming  a  solution  which,  when  saturated  at  0°,  has  a 
specific  gravity  of  1.78,  and  contains  82  per  cent,  of  hydrogen  bromide; 
while  at  15°  it  has  a  specific  gravity  of  1.5 15,  and  contains  49.8  per  cent, 
of  the  gas.  When  a  strong  solution  of  hydrobromic  acid  is  boiled,  hydro- 
gen bromide  is  at  first  evolved,  while  from  a  dilute  solution  nearly  pure 
water  is  evolved,  until  the  residue  contains  48.2  per  cent,  of  the  gas,  and 
has  a  specific  gravity  of  1.49  at  14°.  This  solution  remains  of  constant 
strength,  and  under  i  atmosphere  pressure  distils  unchanged  at  128**, 
but  since  its  composition  is  different  under  different  conditions  of  pres- 
sure and  temperature,  the  solution  cannot  be  taken  to  represent  a  single 
definite  hydrate  of  hydrogen  bromide.  When  hydrogen  bromide  is 
passed  into  a  saturated  solution  of  the  gas  at  —20®,  crystals  may  be 
formed  of  the  composition  HBr  •  2  HjO,  which  melt  at  —11®. 

Hydrogen  bromide  is  a  monobasic  acid,  containing  a  positive  hydn^en- 
ion,  easily  replaced  by  positive  elements.  The  water  solution  of  hydro- 
gen bromide  is  called  hydrobromic  acid. 

The  observed  specific  gravity  of  hydrogen  bromide  gas  under  ordinary 
conditions  corresponds  to  the  molecular  symbol  HBr,  although  at  high 
temperatures  some  dissociation  of  the  molecules  into  hydrogen  atoms 
and  bromine  atoms  takes  place. 

Soluble  By  the  action  of  hydrobromic  acid  upon  basic  hydroxides 

Bromides.  bromides  may  be  formed.  Thus,  hydrobromicacid,  HBr, 
gives  with  sodium  hydroxide  sodium  bromide,  NaBr,  and  water, 

^tf-O-H  +  ^-Br  =  iV^-Br  +  H-O-H 
and  potassium  hydroxide,  and  other  basic  hydroxides,  may  be  similarly 
neutralized  by  hydrobromic  acid  with  formation  of  bromides. 


acidic  hydroxides  and  their  salts,  may  liberate  I 
acid,  and  may  sometimes  oxidize  the  bram 
shall  find  later  that  broinic  acid,  HBrO,,  aiK 
will  interact  to  set  free  the  bromine  com 
compounds. 

Hydrobroroic  acid  may  be  decomposed  by 
and  bromine. 

HTdngm  Hydrogen  bromide  may  be  decen 

Bi«mid>  aid  ehlarine,  tm'A  formaHon  of  hydroi 
CUorinft.  of  bromine.  When  chlorine  is 
hydrobroroic  acid,  hydrochloric  acid  is  ft 
^''"*  jH-Br  +  Cl-CI  =  2H-CI 

By  similar  reactions  certain  chlorides  may  be 
tion  of  valence  by  heating  with  hydrobromic  i 
Bromine  may  also  be  formed  by  dccompo: 
electricity  or  by  heal,  or  by  the  oxidizing  t 
compounds,  or  of  chlorine  in  presence  of  wa 
of  bromates  by  suitable  agents.  Most  of  the 
made  by  passing  chlorine  through  solutions  of 

_  Bromine,  discovered  by  Batard 

Bromine.  ,  .  ■"         ,  , 

from  sea  water,  is  a  heavy,  reddis 
gravity  3.18  at  0°,  having  a  characteristic  pent 
fully  destructive  action  upon  the  skin  and  other 
volatile,  giving  off  a  heavy,  dark  brown  vapor 
and  boiling  at  about  60°,  changing  into  the  v 
gravity  of  159.9.  Liquid  bromine  freezes  at  — 
volatile  solid.  Bromine  is  moderately  soluble 
brown  solution  known  as  bromine  wakr,  one  p 
temperature  being  dissolved  in  35  parts  of  wat 
is  cooled  to  4°  there  are  formed  crystals  of  bro^ 
which  decomposes  at  6,z°. 

Bromine  is  readily  soluble  in  alcohol,  ethe 
disulphide,  forming  solutions  which,  when 
possess  the  characteristic  dark  brown  color  o 
of  bromine  scattered  through  a  large  bulk  of 
fore  be  readily  detected  by  adding  a  few  drof 


T 


i. 
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Bromine  will  combine  with  the  hydrogen  of  hydrogen  sulphide.  \^'ben 
a  current  of  hydrogen  sulphide,  HjS,  is  passed  through  bromiae. 
hydrogen  bromide  is  -formed  and  sulphur  is  set  free. 

H2S  +  Brj  =  2  HBr  -f  S 
By  the  action  of  the  excess  of  bromine  upon  the  sulphur,  some  sulpbo: 
bromides  may  be  formed  in  this  process.  The  hydrogen  bromue 
evolved  may  be  purified  from  excess  of  bromine  by  washing  in  a  &olu:i  z 
of  hydrogen  bromide  and  potassium  bromide  containing  amorphL»u< 
phosphorus. 

Bromine  acts  upon  hydriodic  acid  with  formation  of  hydrobromic  ac: 
and  evolution  of  iodine. 

Bromine  and        ^^  bromides  may  also  be  formed  by  the  action  of  hromitt 

Elements,       upon  other  elements,  or  upon  oxides  or  hydroxides  of  cert^-^ 

Oxides,  and     elements  under  suitable  conditions.     When  moist  brom.r 
Hydroxides. 

and  potassium  are  brought  together,  potassium  bromi'i 

KBr,  is  formed,  sometimes  the  combination  taking  place  explosively. 

2  K  +  Brj  =  2  KBr 

In  dry  condition  sodium  and  bromine  may  be  mixed  without  corabfc- 
tion  taking  place.  Many  other  elements,  such  as  boron,  aluminicm, 
antimony,  bismuth,  phosphorus,  and  sulphur  will  combine  directly  »X" 
bromine  to  form  bromides,  the  reaction  in  some  cases  taking  place  ^:- 
explosive  violence. 

When  bromine  vapor  is  passed  over  a  mixture  of  boron  trioxi'*'> 
B2O3,  and  charcoal  heated  to  redness,  boron  tribromide,  BBr^,  is  formed 
as  a  colorless  fuming  liquid,  while  carbon  monoxide  is  evolved. 

BA  +  3  Br.-Br  -1-30  =  2  BBr,  -h  3  CO 

Aluminium  tribromide,  AlBr,,,  colorless  crystals,  and  silicon  Utra'^^^ 
mide,  SiBr^,  a  heavy  liquid,  may  be  made  in  similar,  manner  by  pa^>  ^ 
bromine  over  heated  mixtures  of  carbon  and  aluminium  trioxide,  AL' ' 
and  silicon  dioxide,  SiOo,  respectively. 

When  bromine  is  added  to  an  excess  of  a  cold  solution  of  sodi  * 
hydroxide,  a  solution  of  unstable  sodium  hypobromite,  NaBiO,  i^^ 
sodium  bromide,  NaBr,  is  formed, 

2Na-0-H  -f-  Br-Br  =  Na-Br  -|-  Na-O-Br  +  H-O-H 

but  when  bromine  is  added  in  excess  to  a  hot  solution  of  sodium 


V 


//Br 
P— Br 


_       r+  H-O-H  =  P<'n'+  2H-Br 
\\Br  V^?' 


/Br 

ABr  H-0\ 

P-Br  +  4H-0-H  =»  H-0~P=0  +  5  H- 
\NBr  H-O/ 


PT«patatlog  The  reaction  between  phosphorus  tribromide,  PBr^  ivA 
of  Hydio-  water  is  utilized  ibr  the  preparation  of  hydrobromic  acid  fot 
bramicadd.    laboratory  purposes.     To    i    part  of  water  contained  m  t 

flask  3  parts  of  the  liquid  phosphorus  tribromide  are  gradually  adU^l 
through  a  thistle-tube,  provided  with  a  stopcock,  the  mixture  beinj 
gently  warmed.  The  hydrobromic  acid  gas  which  is  evolved  may  ht 
washed  free  of  phosphorus  tribromide  vapor  by  passing  through  a  U-tub* 
containing  glass  beads  wet  with  water,  and  the  purified  gas  may  be  coi- 
lectcd  over  mercury  or  dissolved  in  water.  Another  process  for  prepu- 
ing  hydrobromic  acid  consists  in  pouring  2. parts  of  water  over  rev! 
phosphorus  and  adding  10  parts  of  broniine,  and  gently  warming  th; 
mixture,  when  the  hydrobromic  acid  gas  will  be  evolved.  Or  bromlM 
may  be  allowed  to  act  upon  crude  anthracene,  C„Hin,  or  upon  naphthi- 
lene,  CmHj,  dissolved  in  kerosene,  when  hydrobromic  acid  will  te 
evolved. 

Nitrosyl  bromide,  NOBr,  and  nitroxyl  bromide,  NO.Br,  may  be  madt 
by  the  combination  of  bromine  with  nitrogen  dioxide,  NO,  and  caricr.;': 
bromiiie,  COBrj,  may  be  similarly  made  by  the  combination  of  bromi-t 
with  carbon  monoxide. 

Action  of  Some  bromides  are  decomposed  by  acids,  with  the  fcmia- 

Add!  upon  tion  of  hydrobromic  acid,  and  under  certain  condilioiis  ."' 
BnnldM.  ^^^_,  bromine.  Thus,  we  have  seen  that  in  dilute  solnt::'i 
sulphuric  acid  decomposes  sodium  bromide  with  formation  0(1 
solution  of  hydrobromic  acid,  HBr,  and  sodium  sulphate. 


.A'.-Br  +  ":->SC^  =  .^-Br  + 


o- 


and  that  concentrated  sulphuric  acid  causes  the  oiddation  of  tiic 
hydrogen  with  consequent  liberation  of  bromine. 

2  NaBr  +  2  H^SO,  =  Br,  +  a  H,0  +  SO,  +  NajSO, 


PRIMARY  SERIES  —  GROUP  VII  — BROMINE  329 

It  has  also  been  pointed  out  that  phosphoric  acid,  H3PO4,  even  in 
concentrated  condition,  will  act  upon  sodium  bromide  to  form  hydro- 
bromic  add,  without  separation  of  bromine. 

aNa-Br  +jff-0-P=0  =  2  If -Br  +  AJi-0--P=0 
H-0/  H-0/ 

Biomidea  Soluble  bropiides  of  the  metals  are  decomposed  by  the  action 

and  Chlorine,  of  chlorine,  with  liberation  of  bromine  and  the  formation  of 
corresponding  chlorides.  If  we  add  to  a  solution  of  sodium  bromide, 
or  magnesium  bromide,  chlorine  water  in  small  amount,  sodium 
chloride  or  magnesium  chloride  will  be  formed  in  the  solution,  which  will 
be  colored  yellowish  or  brownish  by  the  bromine  which  is  set  free. 

2  Na-Br  +  Cl-Cl  =  2  Na-Cl  -f  Br-Br 

On  adding  to  the  solution  slightly  colored  with  bromine  a  few  drops  of 
chloroform  or  carbon  disulphide  and  thoroughly  shaking  the  mix- 
ture, the  bromine  will  be  gathered  in  the  small  bulk  of  the  chloroform 
or  carbon  disulphide,  which  will  assume  the  characteristic  brown  color. 
If  an  excess  of  chlorine  be  added  to  a  water  solution  of  a  bromide,  the 
bromine  formed  as  the  first  product  may  be  oxidized  to  bromic  acid, 
HBrOa,  which  remains  in  solution.  The  action  of  chlorine  upon  natural 
bromides  forms  the  basis  of  a  process  by  which  bromine  is  manufactured 
for  commercial  purposes  from  the  bromides  found  in  the  deposits  at 
Stassfurt,  which  furnish  about  two  thirds  of  the  total  product  of  bromine. 

Inaolable  "^^  bromides  of  silver^  lead,  and  mercury  in  its  condi- 

BiwBidM.  iiofi^  0f  towest  valence  are  insoluble  and  may  be  produced  as 
precipiiates.  When  a  soluble  silver  salt  such  as  silver  nitrate,  AgNO^, 
is  added  to  a  solution  of  a  bromide,  such  as  sodium  bromide,  we 
get  a  precipitate  of  yellowish  white  silver  bromide,  AgBr,  somewhat 
acted  upon  in  ammonium  hydroxide. 

NaBr  -f  AgNO,  =  AgBr  -f-  NaNO, 

When  a  solution  of  lead  nitrate,  Pb(N03)2,  or  other  lead  salt  is  added 
to  a  sohition  of  sodium  bromide  or  other  bromide,  a  precipitate  of 
white  lecul  bromide,  PbBrj,  soluble  in  hot  water,  is  formed. 

2  NaBr  +  PbCNOg),  «  PbBr,  +  2NaN08 


HgiiCNOs)^,  is  added  to  a.  solution  of  sodium  bromide  or  otb« 
bromide,  yellowisli  while  mereurous  bromide,  HgiBrj,  is  precipiuini. 
acted  uix>n  by  an  excess  of  the  reagent. 

aNaBr  +  Hg,(NO,)j  =  HgjBrj  +  zNaNO, 
The  bromides  of  most  of  the  elements  are  soluble  in  w3l«. 
The  bromides  of  the  alkali  and  alkali  earth  elements  i--; 
white  crystalline  solids.  The  most  important  of  these  is  potnan'. 
bromide,  KBr,  which  crystallizes  in  anhydrous  cubes  and  fuses  at  740. 
It  is  usually  made  by  acting  upon  iron  with  bromine  and  boiling  ibe  re- 
sulting iron  bromide  with  potassium  carbonate  in  solution.  It  is  brgt,' 
used  as  a  medicine,  and  to  some  extent  in  photography.  Sodium  i'> 
mide,  NaBr,  and  magnesium  bromide,  MgBfs,  found  in  mineral  waters 
may  be  made  artificially  by  similar  methods.  The  bromides  of  the  Dejs- 
tive  elements  are  many  of  them  liquids,  although  some  are  crystallioe  solii 
Many  of  them  decompose  water,  as  has  been  shown.  Many  dw:'> 
bromides  containing  more  than  a  single  positive  element  are  also  knom. 

Oxidemnd  Bromine  does  not  combine  with  oxygen  directly  ami  r: 

HuaraiiMi.  ■  ijromine  oxide  has  been  formed,  although  t»-o  acidic  bromiif 
hydroxides  may  be  formed  in  solution.  Both  bromine  hydroxides  ft 
readily  decomposed. 

Oxides  Mydhoxidb 

Hypobromous  acid,  HBrO* 

Bromic  acid,  HBrOj  ■ 

*  Known  only  in  sotution.- 

The  hypobromites  and  bromates  may  be  formed  by  acting  upon  ba^: 
hydroxides  or  carbonates  of  positive  elements  with  bromine,  and  thefts- 
,  responding  hypobromous  acid  and  bromic  acid  may  be  formed  by  act  e; 
uuon  these  salts  with  acids. 
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When  we  act  upon  sodium  bromate,  NaBrOg,  with  sulphuric 
acid,  bromic  acid,  HBrOg,  is  formed  in  solution, 


.A.-o-< + 2i8XS  -  '^-O'-KS + j^j:8X§ 


and  the  same  acid  may  also  be  obtained  by  acting  upon  silver 
bromate,  AgBrOs,  with  bromine  water,  and  removing  the  insoluble 
silver  bromide,  AgBr,  by  filtration. 

SAgBrOa  -f  3  Br,  +  3  H,0  =  6  HBrO,  +  5  AgBr 

The  silver  bromate  may  be  formed  by  acting  upon  sodium  bromate  with 
silver  nitrate. 

Bromic  acid,  HBrOj,  in  solution  may  also  be  formed  by  passing 
chlorine  into  bromine  water. 

Br-Br  -f  5  Cl-Cl  -f  6H-0-H  =  aH-O-Br^  +  16H-CI 

Bromic  acid,  HBrOf,  in  solution  in  water,  may  be  somewhat  concen- 
trated in  a  vacuum  without  decomposing;  but  it  decomposes  slowly 
under  ordinary  conditions  and  rapidly  when  heated,  with  evolution  of 
oxygen  and  the  formation  of  hydrobromic  acid,  HBr, 

2H-0-Br^  =  2H-Br  -f  30=0 

which  reacts  with  the  bromic  acid  present  in  excess,  with  evolution  of 
bromine. 

H-O-Br^Q  +  sH-Br  =  3H-O-H  +  3  Br-Br 

Hydrochloric  acid  and  hydriodic  acid  will  decompose  bromic  acid, 
with  the  formation  of  chlorine  bromide  and  iodine  bromide  respectively. 
Bromic  acid  is  a  strong  oxidizer  and  is  readily  reduced  by  many  sub- 
stances, with  formation  of  hydrobromic  acid,  bromine,  or  bromides. 

IVc  note  that  hydrobromic  acid  forms  bromides  by  inter- 
Summary.  '11'  t 

action  with  basic  hydroxides ^  carbonates,  oxides,  and  positive 

elements;  that  oxygen,  free  or  combined,  wilt  liberate  bromine  from  hydro- 
bromic acid ;  that  bromine  may  combine  with  hydrogen,  free  or  combined, 
to  form  hydrobromic  acid;  that  bromine  will  combine  with  other  ele- 
ments, and  will  react  with  oxides  and  hydroxides,  to  form  bromides, 
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Prodactlon  Hydrogen  iodide,  however,  is  highly  susceptible  to  the 

of  action  of  oxidizers,  and  if  instead  of  phosphoric  acid  an 

Iodine.  ^^1^  capable  of  exerting  an  oxidizing  action  be  used,  or  if 

an  oxidizer  be  present  when  the  phosphoric  acid  acts  upon  the  sodium 
iodide,  the  hydrogen  iodide  may  be  broken  up  as  it  forms,  with  pro- 
duction of  water  and  free  iodine. 

When,  for  example,  the  native  iodides  are  heated  with  a  suitable  excess 
of  sulphuric  acid  and  manganese  dioxide,  the  first  action  is  to  form 
hydrogen  iodide, 

which  is  at  once  broken  up  by  the  oxygen  of  the  manganese  dioxide,  free 
iodine,  water,  sodium  hydrogen  sulphate,  and  manganese  sulphate  being 
the  final  products. 

2  Nal  +  MnO,  +  3  H2SO4  =  2  NaHS04  -f  MnS04  +  2  HjO  -f  Is 

Iodine  may  also  be  obtained  from  native  iodides,  such  as  sodium 
iodide,  Nal,  by  electrolysis, 

(i)   2  Nal  =  2  Na  +  Is 

(2)   2  Na  +  2  H2O  =  Hj  +  2  NaOH 

or  by  the  action  of  chlorine  or  of  bromine, 

2  Nal  +  CI2  =  2  NaCl  +  I, 

2  Nal  +  Br,  =  2  NaBr  +  U 

and  it  may  also  be  produced,  according  to  a  very  important  commercial 
process,  by  the  action  of  sulphurous  acid  upon  the  native  sodium  iodate, 
NalOs,  found  associated  with  sodium  nitrate. 

2  NalOa  +  5  HjSOj  =  2  NaHS04  +  3  H2SO4  +  HjO  +  I2 

Iodine y  first  prepared  by  Courtois  in  18 11  from  the  ashes 
of  sea  plants,  and  first  declared  to  be  an  element  by  Davy 
and  by  Gay-Lussac  in  181 3,  is  a  gray-black,  lustrous,  crystalline  solid,  of 
specific  gravity  4.95  at  15**,  melting  at  1 14.2°  to  a  dark  liquid,  and  boiling 
at  about  184,3°,  ^'^^  formation  of  a  dark  violet  vaix)r  of  specific  gravity 
254.  Even  at  ordinary  temperatures  the  iodine  crystals  give  off  small 
quantities  of  vapor  which  may  be  detected  by  its  characteristic  violet  color 
and  faint  odor.     Below  600°  the  specific  gravity  of  iodine  vapor  corre- 


from  iodides,  and  thus  cause  the  formation  of  the  blue  starch  lodiot. 
Strips  of  unsized  paper  are  dipped  in  starch  emulsion,  or  in  a.  mtsturt 
of  starch  and  potassium  iodide  solution,  dried,  and  used  as  stanh  U.i 
paper  for  the  detection  of  the  presence  of  iodine,  or  of  oxidiziog  iL":>- 
stances,  either  in  solution  or  In  gaseous  form. 

|jj^     .  Iodine  combines  directly  with  many  elements,  both  deetrt~ 

OthMBl*-  positive  and  eleetro-negative,  to  form  iodides.  Iodine  ari 
^^^**-  potassium  when  heated  together  combioe  with  esfdosix 

violence  to  form  potassium  iodide,  KI, 

a  K  +  I,  =  2  KI 

and  if  a  trace  of  moisture  be  present,  iodine  and  sodium  will  similariy 
combine,  forming  sodium  iodide,  Nal. 

3  Na  +  I,  =  3  Nal 

Iodine  and  aluminium  combine  when  heated,  forming  ahimiiiitm 
iodide,  A1I», 

aAl  +  3I,  =  3AII, 

and  iodine  and  mercury  may  be  made  to  combine  by  rubbing  then 
together  to  form  the  red  mercurie  iodide,  Hgl„ 


Hg  +  I-I  =  Hg<} 
Hg- 


ir  the  green  mercurous  iodidt,  Hgilj. 
2Hg  +  I-I. 


Hg-I 

Phosphorus  and  solid  iodine  will  combine  spontaneously  when  bro:i;H 
in  contact,  forming  phosphorus  iodides,  and  finely  powdered  antinic::;. 
takes  fire  in  iodine  vapor,  forming  antimony  iodides. 

Iodine  and  chlorine  combine  according  to  the  proportions  in  irh -h 
they  are  present  to  form  iodine  menockloridt,  ICl,  a  red  crystalliae  miis. 
fusing  at  34.7%  and  boiling  at  101.3°, 

I-I  +  CI-CI  =  2I-CI 
or  iodine  trichloride,  ICI3,  yellow  crystals,  easily  decomposed  l^  htit 
into  iodine  monochloride  and  chlorine. 

I-I  +  3CI-CI  =  -il-ix 


aiKaii  nydroxiaes  to  torm  aiKaii  loaiaes  ana  seconoary  proaucis.  innt, 
iodine  acts  upon  sodium  hydroxide  to  ioTva. sodium  iodide,  Nil, 
together  with  sodium  hypoiodite,  NalO,  which  is  converted  spontaneousli 
into  sodium  iodate,  NalO^,  compounds  the  relations  of  which  we  sbll 
consider  later. 

6  NaOH  +  3 1,  =  3  Nal  +  3  NalO  +  3  H/) 
6NaOH  +  3ls  =  sNal  +    NaIO»  +  3  H^ 

The  neutral  alkali  carbonates,  such  as  sodium  carbonate,  are  sus- 
ceptible to  a  slight  degree  to  similar  reactions. 

3Na,COs  +  3I,  =  3NaI  +  3NaI0  +  3CO, 
3  Na,COi  +  3  I,  =  5  Nal  +   NalO,  +  3CO, 

Iodine  acts  upon  hydrogen  sulphide  in  water  solution  to  fonc 
hydriodic  acid  and  sulphur. 


Iodine  acts  upon  sodium  thiosulphate,  NagS^j,  in  solutioo,  *i'J 
formation  of  sodium  iodide  and  sodium  tetrathionate,  Na,SiOt. 

3  NaAO,  +  I,  =  2  Nal  +  Na^.O, 

This  action  is  frequently  employed  in  determining  the  quantities  of  fiw 
iodine  in  solutions. 

Iodine  acts  to  a  very  slight  extent  upon  the  water  in  which  it  ^ 
dissolved,  with  formation  of  traces  of  hydriodic  acid,  and  liberatJOD  ^ 
oxygen,  according  to  the  reversible  reaction. 

SljCllS  +  "i-i3:4H-i  +  0=0 

When,  however,  a  suitable  substance  possessing  an  affinity  for  nascnt 

oxygen  is  present,  the  reaction  may  proceed  with  the  formati(»i  of  jt 
oxidation  product  of  the  substance,  and  hydrogen  iodide  or  so=; 
secondary  product  of  its  action. 

Iodine  u  an  Under  suitable  conditions  iodine,  while  forming  am  ie^-i' 
Oxidliu.  f„ay  liberate  oxygen  from  waUr,  and  thus  act  indi'i- 
as  an  oxidizer.     Iodine  acts  upon  sulphurous  acid  with  fbrm^-- 
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Iodides  of  many  elements  may  be  made  by  the  action  of 

Iodide  and      hydriodic  acid  upon   suitable  hydroxides^  oxides^  salts    of 

Other  volatile  acids,  and  metals.     Thus,  hydriodic   acid,   HI, 

reacts  with  sodium  hydroxide  to  form  sodium  iodide^  Nal, 

iVb-_0-H  +  ^-I  =  Na^\  4-  H-O-H 
with  zinc  oxide,  ZnO,  to  form  zinc  iodide^  Znl„ 

Zn-O  +  2^-1  =  Z«<(J  +  H-O-H 

with  calcium  carbonate  to  form  calcium  iodide^  Calj, 

C^<(q)>C=0  +  2^-1  =  Ca(^^  +  H-O-H  +  C^g 

and  with  the  metals  silver  and  mercury,  if  finely  divided,  to  form  the 
respective  iodides,  silver  iodide^  Agl,  and  mercurous  iodide^  Hgilj,  or 
mercuric  iodide^  Hgl^. 

2Ag  +  2H-\  =  2Ag^\  +  H-H 

2Hg  +  2^-I=     I  +  H-H 

Hg-\ 


Hg  +  2  jy-I  =  Hg(\  +  H-H 


The  reactions  between  hydriodic  acid  and  the  hydroxides,  oxides,  and 
carbonates  of  strongly  electro-positive  elements,  in  which  water  is  formed, 
proceed  to  completion. 

The  action  of  hydriodic  acid  upon  suitable  compounds  of  elements 
less  electro-positive  is  similar  to  its  action  upon  similar  compounds  of 
more  electro-|X)sitive  elements,  but  is  reversible,  and,  therefore,  less 
complete.  Concentrated  hydriodic  acid,  for  example,  is  able  to  pre- 
cipitate arsenic  triiodide,  Asis,  from  a  water  solution  of  arse nious  acid, 
HjAsOs,  sii^d  from  an  arsenite,  the  acid  being  formed  as  an  intermediate 
product,  but  the  reaction  is  incomplete,  and  may  be  completely  reversed 
by  increasing  the  proportion  of  water  present,  thus  hydrolyzing  the 
arsenic  triiodide  formed  by  the  direct  reaction.    ' 

HaAsGj  -f  3  HI  :^  Asl,  +  3  HsO 

A  similar  effect  is  produced  by  the  action  of  strong  sulphuric  acid 
upon  the  water  solution  of  an  arsenite  and  an  iodide,  precipitation  of 
the  arsenic  triiodide,  Asl|,  taking  place  when  the  water  simply  combines 
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potassium  iodide,  KI,  potassium  chloride  is  formed,  and  iodine 
liberated.  ^  ^_^  ^  ^^_^^  ^  ^  ^_^^  ^  j_ ^ 

Hydriodic  acid,  HI,  is  similarly  acted  upon  by  chlorine  with  forma- 
tion of  hydrochloric  acid  and  free  iodine. 

2  H-I  +  Cl-Cl  =  2  H-Cl  +  I-I 

The  addition  of  bromine  to  a  solution  of  potassium  iodide  or  of 
hydriodic  acid  causes  the  formation  of  potassium  bromide  or  of 
hydrobromic  acid,  respectively,  while  iodine  is  set  free 

2  K-I  +  Br-Br  =  2  K-Br  -f  I-I 
2H-I  +  Br-Br  =  2H-Br  +  I-I 

Insoluble  iodides  are  attacked  by  chlorine  and  by  bromine  with  more 
difficulty.  The  conversion  of  silver  iodide,  Agl,  into  silver  chloride, 
AgCl,  by  the  action  of  chlorine  at  high  temperature  is  an  example  of 

such  action.       ^  Ag_i  ^  ci-Cl  =  2  Ag-Cl  +  I-I 

In  utilizing  as  a  test  for  small  amounts  of  iodides  the  reactions  by 
which  iodine  is  liberated  from  solutions  of  iodides  by  chlorine  or  bromine, 
the  addition  of  an  excess  of  these  reagents  should  be  avoided,  otherwise 
the  iodine  first  liberated  may  be  at  once  oxidized  to  iW/V  acid,  HIO^, 
by  the  aid  of  the  water,  and  so  escape  observation. 

I2  +  5  CI2  +  6  H,0  =  10  HCl  +  2  HlOg 

Oxidation  of  ^  ^^^  iodides y  hydrogen  iodide  is  especially  susceptible  to 
Hydrogen  the  action  of  oxygen^  and  is  acted  upon  with  liberation  of 
Iodide.  iodine  by  many  substances  capable  of  yielding  oxygen.     Many 

of  the  peroxides  oxidize  the  hydrogen  of  hydriodic  acid,  free  or  produced 
by  the  interaction  of  reagents,  and  are  thereby  reduced.  Manganese 
dioxide,  Mn02,  will  oxidize  hydriodic  acid  with  liberation  of  iodine, 

4  HI  +  MnOj  =  Mnlj  +  2  HjO  +  Is     * 

and  a  mixture  of  potassium  iodide,  manganese  dioxide,  MnOj, 
and  sulphuric  acid,  evolves  iodine  when  heated.  This  is  a  process  by 
which  iodine  is  made  commercially. 

2  KI  +  MnO^  -I-  2  H2SO4  =  K^4  +  MnS04  +  2  H,0  +  I, 
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When  the  acid,  like  nitric  acid  or  sulphuric  acid,  is  easily  reducible,  some 
of  the  hydriodic  acid  is  decomposed,  hydrogen  being  oxidized  to  water, 
and  iodine  either  set  free  or  oxidized.  Metal  iodides,  fused  or  in  solu- 
tion in  water,  are  easily  electrolyzed  with  evolution  of  the  metal,  or  a 
product  of  its  action  upon  water,  at  the  cathode,  and  iodine,  or  a  product 
of  its  oxidation,  at  the  anode. 

Oxidea  and  lodine  forms  but  one  oxide,  but  several  acidic  hydroxides 

Hydroxides.  ^f  iodine  have  been  prepared  corresponding  to  unknown 
oxides,  and  some  salts  are  known  representative  of  hydroxides  which 
have  not  been  isolated. 

OXIDBS  HVDROXIOBS 

Hypoiodous  acid,  HIO  * 

lodine  pentoxide,  I8O5  Iodic  acid,  HIOs 

Pentahydroxyl  periodic  acid,  HalOe 

[Monhydroxyl  periodic  acid,  HlOJt 

*  Known  in  solution.  f  Represented  by  salts. 

Iodine  Pen-  lodine  pentoxide^  IjO^  (iodic  anhydride),  may  be  formed 
toxide.  by  the  action  of  ozone  upon  iodine,  or  by  the  dehydration 

of  an  iodine  hydroxide.  Though  iodine  and  ordinary  oxygen  do  not 
combine  with  one  another,  ozone  acts  uj^on  iodine  with  the  formation 
of  iodine  pentoxide  and  oxygen.  ^q 

o       ^v^o 

^-^  +  5/\=  >0  +  50=0 

lodine  pentoxide  is  a  white  powder,  dissociated  at  300°  into  iodine  and 

°^y8en.  ,  1^0.  =  2  I.  +  5  O, 

It  will  unite  with  water  to  form  iodic  acid^  HIO3,  in  solution, 


O  +  H-O-H  =  2H-0-I^ 

being  again  formed  when  iodic  acid  is  heated  to  170°.     lodine  pentoxide 
is  formed  when  periodic  acid,  HjIOg,  is  heated  to  140°,  and  is  left  when 


348  OUTLINES  OF  INORGANIC  CHEMISTRY 

properties  by  acting  upon  barium  hydroxide,  Ba(OH)fy  and  upon  calcium 
hydroxide,  Ca(0H)2,  with  iodine.  We  have  also  certain  organic  com- 
pounds, such  as  CHs— 1=0  and  C2H5— 1=0,  which  resemble  the 
hypoiodites  in  composition,  but  are  of  diiferent  constitution. 

Iodic  acid  may  he  made  by  acting  upon  iodine  with  suitably 
strong  oxidizing  agents.  Boiling  concentrated  nitric  acid 
acts  upon  iodine  to  form  iodic  acid^  HlOg,  which  may  be  obtained  pure 
by  evaporating  off  the  excess  of  nitric  acid,  dissolving  the  residue  in 
water,  and  evaporating  the  solution  at  the  ordinary  atmospheric  tempera- 
ture in  a  desiccator. 

3  Ij  4-  10  HNO3  =  6  HIO,  +  2  HjO  +  10  NO 

Chlorine  in  presence  of  water  is  capable  of  converting  iodine  into 
iodic  acid,  hydrochloric  acid  being  formed  at  the  same  time. 

I«  -h  5  CI,  -h  6  H,0  =  2  HIO,  -h  loHCl 

Even  so  mild  an  oxidizer  as  mercuric  oxide,  HgO,  which  in  the  cold 
acts  upon  iodine  and  water  to  produce  hypotodous  acid,  HIO^  acts 
upon  iodine  and  warm  water  to  form  iodic  acid, 

61,  +  sHgO  +  H,0  ==  2HIO3  +  sHgl, 

and  iodic  acid  also  results  from  the  spontaneous  decomposition  of 
hypoiodous  acid  produced  by  the  action  of  these  reagents  in  the  cold. 

5  HOI  =  HIO3  -h  2 12  +  2  H,0 

Iodic  acidy  HlOg,  is  a  white  crystalline  solid,  of  specific  gravity  4.63, 
insoluble  in  alcohol,  and  soluble  in  water,  forming  a  stable  solution, 
decomposing  at  1 70°  with  evolution  of  oxygen  and  formation  of  iodine 
pentoxide.  It  may  be  made  by  acting  with  acids  upon  the  iodates, 
which,  as  we  shall  see,  may  be  made  by  the  action  of  iodic  acid  upon 
bases,  and  in  other  ways. 

Rednctloii  of  Iodic  acid  in  solution  is  readily  reduced  with  liberation  of 
Iodic  Acid,  iodine.  Thus,  sulphurous  acid,  H^SOj,  acts  upon  iodic 
acid,  HlOg,  to  form  sulphuric  acid,  water,  and  free  iodine. 

2  HIO3  -h  5  H^3  =  I,  -h  H,0  +  5  H,S04 

Hydrogen  sulphide  reduces  iodic  acid  with  formation  of  water  and 
liberation  of  sulphur  and  iodine. 

t  HIO,  -f  5  Hj3  =  I,  4-  6  HaO  -h  5  S 


lization  from  solution. 

Some  iodales  may  be  produced  by  infraction  of  ckkras: 
lodinfl  and 
Chloratei       "^  bromales   with  free   iodine.     By  acting  upoD  sodiuc 

chlorate,  NaCIO,,  or  upon  sodium  bromatc,  NaBc*i. 
irith  iodine,  sodium  iodaU,  NalO^  is  formed,  while  chlorai: 
or  bromine  respectively  is  set  free. 

2  NaOOs  +  I,  =  2  NalOs  +  CI, 
2  NaBrO,  +  I,  =  2  NalO,  +  Br, 
Potassium  iodate  may  be  produced  slmilarif  by  the  reaction  of  potasiir;^ 
chlorate  or  potassium  bromate  with  iodine. 

In  these  reactions  it  is  to  be  supposed  that  the  iodine  is  oiid;:?'. 
at  the  expense  of  the  chlorate  or  bromate,  and  the  iodate  is  the  re>-'. 
of  the  action  of  iodine  oxide  upon  the  metal  oxide,  chlorine  or  btommt 
being  liberated,  as  may  be  theoretically  represented  by  symbols : 

zNaCiOs  +  /,  =  /jOj  +  Na^O  +  C4 
/j(?,  +  Na^O=  tNalO^ 
(Mditloii  of        Some  iodates  may  also  be  produced  by  the  oxidaifi  1 ' 
Iodides.  iodides  in  solution.     Potassium  iodide  and  potass:-^ 

permanganate,  KMnO,,  react  in  solution  to  form  potassium  ioil*:^. 
KIO3,  and  manganese  dioxide,  MnO,. 

KI  +  2  KMnOj  +  H^  =  KlOg  +  a  KOH  +  a  MnO, 
lodates  may  also  be  produced  by  the  reaction  between  iodides  i-'' 
oxygen  produced  in  the  electrolysis  of  water  solutions. 

The  iodales  of  sodium  and  of  potassium  are  white  ^a''- 

lodatoB.  .     ,        ,  , ,     .  .    .      -    ,  ,  f  1 

spanngly  soluble  in  water,  and  the  lodates  of  many  of  ;t: 

other  elements  are  more  insoluble.     The  most  important  iodate  is/:-' 

slum  iodate,  KIO3,  which  forms  small  cubical  white  crystals.    It  is  us-i'-' 

made  by  treating  potassium  hydroxide  or  potassium  carbonate  with  io;'- 

or  by  oxidizing  potassium  iodide  with  potassium  permanganate.     C  — 

pounds  of  potassium  iodate  with   iodic  acid,  having  the  compo?^"' 

KlOa  ■  HIO3  and  KIOj  ■  2  HIO3,  are  also  known,  and  it  is  possible  r. : 

they  may  be  acidic  salts  of  a  polymeric  iodic  add.     Sodium  ic'.:'- 

NalOa,  similar  to  potassium  iodate,  is  found  associated  with  the  so.':-~ 

nitrate  of  the  South  American  deposits.    Barium  iodate,  Ba(IO,)(.i:>" 

iodate,  AglOj,  and  lead  iodate,  Pb(IO}),,  are  white  insoluble  salts  wb;  ~ 
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■ 

lodates  in  general  in  neutral  solution  are  very  much  less  susceptible 
to  the  action  of  reducing  agents  than  is  iodic  acid.  lodates  do  not 
react  with  iodides,  for  example,  in  neutral  solution,  but  the  addition  to 
such  a  mixture  of  a  very  minute  amount  of  an  acid  produces  iodic  acid 
and  hydriodic  acid  in  intermixture,  and  so  liberates  iodine.  Even  the 
carbon  dioxide  of  the  air  may  cause  separation  of  iodine  from  a  suf^ 
ficiently  exposed  mixture  of  an  iodate  and  an  iodide.  Neutral  mixtures 
of  iodides  and  iodates  are  sometimes  used  to  indicate  the  presence  of 
traces  of  acids  in  solutions. 

Periodic  acid  is  obtained  as  the  final  oxidation  product  of 
iodine.  When  iodine  is  acted  upon  by  strong  perchloric 
acid,  HCIO4,  chlorine  is  evolved,  and  from  the  resulting  solution 
colorless  deliquescent  crystals  of  pentahydroxyl  periodic  acid,  known 
commonly  as  periodic  acid,  HalOg,  the  first  product  of  dehydration  of 
the  imknown  acid,  H7IO7,  may  be  obtained. 

H-0\ 
^O  H-CK>^ 

2  H-0-Cl=0  +  I-I  +  4  H-O-H  =  2  H-0-I=0  +  Cl-Cl 
"^O  H-0// 

H-O/ 

Periodic  acid,  HglOe,  melts  at  130®,  and  at  140°,  without  forming 
stable  intermediate  dehydration  products,  evolves  oxygen  and  water, 
leaving  a  residue  of  iodic  acid,  HlOg, 

2  HfilOe  «  2  HlOa  +  4H40  +  O, 

which  upon  further  heating  evolves  water,  forming  iodine  pentoxide, 
I2O5,  which  may  be  further  decomposed  into  iodine  and  oxygen. 

Periodic  acid  behaves  in  solution  like  a  pentabasic  add^ 
forming  periodates  by  neutralization  of  bases*     With  enough 
sodium  hydroxide,  for  example,  periodic  acid,  H^IO^^  will  form 
a  pentasodium  periodate^  NaaIO«, 

5  NaOK  +  mo^  =  Na,lO^  +  5  H,0 

or  with  less  sodium  hydroxide  the  acidic  periodates,  NasHsIOe,  and 
NasHglOft,  may  be  obtained. 

3  NaOH  -h  ^sHjIO,  =  iVa,HJO«  +  3  H,0 
2  NaOn  -h  Z^aHalOfi  =  Na^Yi^lO^  -h  2  HjO 

Periodates  may  also  be  made  by  the  oxidation  of  iodates. 

lodates**       By  acting  upon  sodium  iodate,  NalO^,  with  chlorine 

in  the  presence  of  sodium  hydroxide,  the  pentasodium 
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Carbon  ^^  connection  with  the  compounds  already  mentioned^  in 

Compounds  which  iodine  enters  into  combination  with  oxygen,  certain 
containing  carbon  deritfatives,  because  of  their  related  constitution^  desen^e 
Iodine.  passing  mention.     By  substituting  one  of  the  hydrogen  atoms 

of  the  hydrocarbon  benzene,  CeHo,  with  iodine,  phenyl  iodide,  QH^ — I, 
may  be  formed,  and  this  forms  with  chlorine  an  addition  product  known. 

<Cl 
Pl»    By  acting  upon  phenyliodochloride 

with  a  basic  hydroxide,  a  compound  containing  oxygen  may  be  formed, 
known  as  iodosobenzene,  CflHa— 1  =  0,  and  this,  when  heated,  gives  as  a 

product  another  oxygen  compound,  iodoxy benzene,  CeHj— I-^q-      Cor- 

responding  to  these  two  compounds,  lodosobenzotc  actd,  CJtl\r-u^X)        , 

j^O  ^\0-H 

and  iodoxybenzoic  acid,  Q^^      .^        ,  and  their  salts   are  known. 

^\0-H 

All  of  the  iodoso-  and  iodoxy-  compounds  are  strong  oxidizers,  and  many 

of  them  are  explosive.     By  treating  a  mixture  of  iodosobenzene  and 

iodoxybenzene  with  silver  oxide  and  water,  a  strongly  basic  compound 

C  H  \ 
known  as  diphenyl  iodonium  hydroxide,  p^rrOl  —  O  — H,  is  formed,  and 

when  this  compound  is  acted  upon  by  an  iodide,  diphenyl  iodonium  iodide, 

C  H  \ 

P®„*yl— I,  is  precipitated.  Many  other  iodonium  salts,  including  in- 
soluble chlorides  and  bromides  and  soluble  carbonates  and  nitrates, 
may  be   formed.     We   may   consider    diphenyl    iodonium    hydroxide, 

C  H  N. 

P*„*yl— O  — H,  to  be  a  basic  hydroxide  in  close  theoretical  relation  to 

a  hypothetical  basic  iodine  hydroxide,  jryl— O  — H,  to  which,  though 

unknown,  the  name  iodonium  hydroxide  has  been  given  for  purposes  of 
discussion. 

Iodine  combines  directly  with  many  elements,  both  electro- 

oUmfnQrlft 

positive  and  electro-negatiifc,  forming  iodides  ;  it  will  combine 
with  hydrogen  to  form  hydrogen  iodide,  or  hydriodic  acid ;  iodides  may 
be  formed  by  the  action  of  iodine  upon  certain  compounds,  the  iodine 
taking  the  electro-positive  element,  and  in  some  cases  by  the  intervention 
of  water  acting  indirectly  as  an  oxidizer,  with  formation  of  hydriodic 
acid ;  iodides  may  be  formed  by  the  action  of  hydriodic  acid  upon  hydrox- 
ides, oxides,  salts,  and  metals ;  a  few  insoluble  iodides  are  produced  by 
precipitation;  soluble  iodides  are  decomposed  by  chlorine  or  bromine 
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SECOHOASr  SERIES  — OROVP  I 

Co^ar,  Ca,  63JS 

Silver,  Ag,  107.93 

Gvld,  An,  197.3 

The  elements  of  Group  I  of  the  secondary  series  are,  in 
Itrin—  many  respects,  similar  to  one  another.     They  are  aU  fbanJ 

"""  '  native  in  free  condition  disseminated  in  rcx^ks,  and  in  con- 

bination  in  rock-forming  minerals.  They  are  malleable  metals,  of  higi 
specific  gravity,  unacted  upon  by  air,  without  effect  upon  water,  oxi- 
dizable  with  difficulty,  copper  being  the  only  one  of  the  three  capabk 
of  direct  combination  with  oxygen.  They  arc  acted  upon  by  acids  xii 
difficulty,  forming  salts  in  which  the  metals  are  the  positive  ions.  GoW 
alone  shows  a  slight  tendency  to  form  compounds  in  which  it  is  a  con- 
stituent of  the  negative  ion.  Copper  shows  a  valence  of  11  in  mcHt 
of  its  compounds,  while  the  valence  of  silver  is  I,  and  that  of  gokl  b 
I  or  III. 

Copper,  silver,  and  gold  are  good  conductors  of  electricity.  TSfr 
may  be  deposited  from  solutions  of  their  salts  by  action  of  the  electric 
current,  and  by  metals  above  them  in  the  electro- chemical  serin. 
Copper,  silver,  and  gold  have  been  known  since  ancient  times,  »od 
both  the  free  elements  and  their  alloys  find  many  useful  applicatiooi. 
particularly  in  coinage,  and  in  the  manufacture  of  jewelry  and  electriix 
apparatus. 

In  the  Lake  Superior  region  of  the  United  States  eafff 
is  found  free,  disseminated  throughout  the  masses  of  ceru:!) 
rocks,  usually  of  volcanic  origin,  in  the  form  of  small  particles  or  runi- 
fying  masses.  Sometimes  large  isolated  masses  of  copper  are  fouo^- 
Id  Montana  and  Arizona,  and  elsewhere,  copper  is  found  in  minerals 
principally  in  the  sulphide  chalcodte,  Cu,S,  and  the  double  sulphide 
ehakopyrite,  CuFeSa  and  bornile,  Cu,FeSi.  Other  copper  minerab 
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air,  make  it  valuable  for  many  purposes,  bheet  copper  is  largely  niw 
for  roofing  buildings  and  sheathing  ships,  and  for  many  purposes  of 
daily  Jife.  Next  to  silver  it  is  the  best  conductor  of  electricity,  and  ttii 
property  makes  copper  wire  most  useful  in  electrical  generatois  and 
ciicuits.  It  is  largely  used  in  electro-plating.  Pure  copper  shrinks  when 
it  cools  from  the  molten  state,  and  is  therefore  not  well  adapted  h 
making  castings. 

Various  affcys  of  copper  with  other  metals  make  good 
castings,  and  possess  special  advantages  as  to  propemes. 
Some  of  the  more  useful  copper  alloys  are  given  in  the  table. 


AlloT*. 


ALLOYS  CONTAINING   COPPER 


PIKCIH 

XOHCO-. 

OS,T.<,H 

Co 

Zd 

Sn 

Al 

Hd 

Ni. 

f 

Bnun 

SO-7S 

50-*5 

_ 

_ 

_ 

_ 

_ 

Bronze     .... 

6s-*4 

31.5-" 

a.5-4 

— 

— 

— 

- 

Gqd  Metal   .     .     . 

9' 

9 

Aluminium  Bronze 

90-95 

— 

>o-S 

— 

— 

- 

70 

— 

— 

30 

— 

— 

90.5 

— 

9 

— 

— 

*i 

Gerawn  Silver  .     . 

4<Mi5 

19-44 

— 

— 

— 

6-3» 

- 

ChftmlMt  When  heated  in  air  or  oxygen,  copper  combines  »::" 

Bebarior.  oxygen  and  thus  forms  ultimately  a  black  oxide.  In  <^'' 
absence  of  oxidizing  agents  dilute  hydrochloric  acid  and  dilute  sulphun' 
acid  do  not  attack  it,  but  in  presence  of  air  both  of  these  acids  r.\ 
gradually  act  upon  it,  and  even  carbon  dioxide  in  a  moist  atmosph^ri: 
will  corrode  it.  Hot  concentrated  sulphuric  acid  attacks  it,  sulfas 
dioxide  being  liberated,  and  it  is  acted  upon  readily  by  nitric  jc::. 
with  evolution  of  one  or  more  of  the  oxides  of  nitrogen,  accordini  '■•'' 
the  proportion  of  acid  and  water  acting.  Copper  Is  electro-poatii* 
and  forms  two  series  of  salts  in  which  copper  is  the  positive  ion. 
Capper  Copper  forms  two  oxides-^  the  Mack  cupric  oxide  a*J  •'=' 


red  c. 


is  very  gradually  heated  in  the  open  a 


s  oxide.    When  a  piece  of  polished  sheet  copl'f  t 


;  notice  first  the  appcaranct 
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drous  salt  is  white,  but  it  speedily  becomes  blue  again  when  exposed  to 
the  air,  by  taking  up  water  to  form  the  hydrous  salt.  Cupric  sulphate  is 
largely  used  in  calico-printing,  in  the  manufacture  of  pigments,  in  electro- 
plating, and  in  electrical  batteries. 

0— NO^  Cupric  nitrate,  Cu(N08)i,  may  be  made  in  solution  b? 

**    0— NOs     acting  upon  copper  with  nitric  acid.     When  concentrated 

nitric  acid  is  permitted  to  act  upon  copper,  violent  action  takes  place, 

the  red  fumes  of  the  higher  oxides  of  nitrogen  are  thrown  off,  and  cupric 

nitrate  remains  dissolved. 

Cu  -h  4  HNOa  =  CuCNOs),  +  2  H,0  +  «  NO, 

If  the  proportions  of  the  copper  and  the  acid  are  varied  by  employing 
dilute  nitric  acid,  there  is  an  evolution  of  colorless  nitrogen  dioxide, 
NO,  which  forms  red  nitrogen  trioxide,  N^Os,  on  exposure  to  the  air. 

3  Cu  -h  8  HNOs  =  3  CuCNOg),  +  4  HjO  +  a  NO 

Upon  evaporation  the  green  solution  yields  blue  deliquescent  crystals, 
Cu(N03)2  •  3  HjO,  or  Cu(N03)2  •  6  H2O.  If  crystallized  cupric  nitrate 
is  heated,  water  is  first  evolved,  and  then  the  heavy  red  fumes  of  nitrogen 
tetroxide  are  given  off,  leaving  a  black  residue  of  cupric  oxide. 

2  Cu(N0s)2  =  2  CuO  +  Oa  -h  4  NO, 

Ctt<C^  Cw/nV  chloride,  CuClj,  is  formed  when  cupric  oxide, 

CuO,  is  acted  upon  by  hydrochloric  acid,  and  very  slowly 

when  finely  divided  copper  is  boiled  with  hydrochloric  acid  in  presence 

of  air. 

CuO  +  2  HCl  =  CuCl,  +  H,0 

The  fairly  concentrated  solution  thus  obtained  is  emerald-green,  but 
when  diluted  with  water  it  becomes  blue.  On  evaporation  of  the  solu- 
tion, bright  green  needles  of  CuCla  •  2  HjO  are  obtained,  which  turn 
brown  with  loss  of  water  when  heated.  Cupric  chloride  gives  to  flame  a 
fine  green  or  blue  color  sometimes  seen  in  a  fire  of  driftwood  which, 
coming  from  copper-fastened  vessels,  is  impregnated  with  copper  salt? 
by  the  action  of  the  sea  water  upon  the  copper  nails  and  bolts. 
Cnprie  Cupric  hydroxide,  corresponding  to  cupric  oxide  and  tiu 

Hydroxide,  cupric  salts,  may  be  formed  as  a  precipitate^  If  to  a  solution 
of  sodium  hydroxide  a  solution  of  cupric  sulphate,  CuSO^,  is  added. 


Cm— CI 


from  a  solution  of  cupric  sulphate,  cupric  ferrocyanide,  Cu,Fe(CN)»  of 

a  fine  mahogany  color. 

3  CuSO,  +  K4Fe(CN),  =  Cn^e(CN),  +  a  K,SO« 

Caprons  By  the  reduction  of  cupric  salts  certain  cuprous  salts,  con- 

taining relatively  kss  copper  than  is  present  in    the  cvfr: 

salts,  may  be  obtained  as  precipitates. 

^__j,i  Cuprous  chloride,  CujCl,,  may  be  obtained  by  acting  npca: 

cupric  chloride,  CuClt.  with  copper  in  the  presence  ot 
hydrochloric  acid. 

CuCi,  +  Cu  =  CujCIj 

The  operation  is  best  conducted  by  boiling  a  solution  of  cupric  chlofirlt 
containing  hydrochloric  acid  and  copper  turnings,  and  pouring  the 
resulting  colorless  solution  into  cold  water,  when  the  cuprous  chior.J; 
will  be  precipitated  as  finely  divided  white  crystals,  which  may  be  acleii 
upon  by  ammonium  hydroxide,  with  formation  of  a  colorless  sohibor. 
Cuprous  chloride  melts  at  430°,  and  vaporizes  at  1000°,  and  its  spetific 
gravity,  which  has  been  determined  at  temperatures  as  high  as  i  joo', 
corresponds  to  the  sjTnbol  CuiClt. 

Cuprous  chloride  in  moist  air  turns  green,  forming  the  basic  ckpr,: 
hydroxychloride,  Cu(OH)Cl. 

2  CujCli  +  »  H^  +  Oj  =  4  Cu(OH)a 

In  the  presence  of  hydrochloric  acid,  cuprous  chloride,  on  standing  •!■ 
the  air,  forms  cupric  chloride. 

a  Cu^lj  +  4  HCl  +  O,  =  4  CnCli  +  z  H^O 

The  colorless  solution  of  cuprous  chloride  in  ammonium  hydroiid; 
absorbs  oxygen  rapidly  and  assumes  the  blue  color  characteristic  of  the 
cupric  ammonia  compounds. 

_  Cuprous  iodide,  CujI,,  gray-white,  is  formed  with  libetaliix: 

]  of  iodine  whenasolubleiodide,  such  as  potassium  iodide. 

c«-i  Yl^  ig  added  to  a  solution  of  cupric  sulphate,  CoSO,  w 

other  cupric  salt. 

t  CuSO*  +  4  KI  =  CoOi  +  2  K^4  +  I, 
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of  dark-colored  oxy hydroxides,  and  finally  black  cupric  oxide.  Dark 
blue  cupric  ammonia  compounds  may  be  formed  in  solution  by  adding 
ammonium  hydroxide  to  solutions  of  cupric  salts,  Basic  cupric  carbo- 
nateSy  decomposed  by  heatings  cupric  ferrocyanide^  and  cupric  sulphide 
may  also  be  formed  as  precipitates. 

White  insoluble  cuprous  chloride  may  be  made  by  heating  cupric  chloride 
with  copper.  It  absorbs  oxygen  and  water  from  moist  air,  forming 
cupric  hydroxy  chloride.  It  absorbs  oxygen  in  the  presence  of  hydrochloric 
acid,  forming  cupric  chloride.  Cuprous  iodide  may  be  precipitated  by 
adding  a  soluble  iodide  to  a  solution  of  a  cupric  salt. 

By  the  reduction  of  cupric  hydroxide  by  heating  wi^  glucose  in  presence 
of  the  hydroxide  of  an  alkali  element,  cuprous  oxyhydroxide  may  be 
formed,  which  yields  cuprous  oxide  when*  heated.  Copper  may  be  re- 
picked  in  its  salts  by  the  more  electro-positive  iron  and  zinc.     The  copper 

salts  impart  a  blue  or  green  color  to  flame, 

* 
With  a  knowledge  of  the  chemical  reactions  of  copper  and 

Ooweir7^  *^    its  compounds  we  may  more  readily  understand  the  metal^ 
lurgical  processes  by  which  copper  is  obtained  from  its  ores. 
When  the  copper  occurs  native,  the  process  of  refining  ijt 
Copper.  ^^  mechanical  rather  than  chemical.     The  copper-bearing 

rock  is  removed  by  blasting,  broken  into  coarse  lumps  by 
crushers,  and  then  passed  through  stamps  which  hammer  it  into  a 
coarse  sand,  from  which  the  lighter  particles  of  rock,  known  as  "  tailings,** 
may  be  washed  away  by  running  water.  The  residue  of  very  nearly  pure 
copper,  in  the  form  of  coarse  granules,  is  taken  to  the  smelter,  where  it  is 
melted  and  cast  into  bars  or  '*  ingots ''  suitable  for  transportation.  This 
is  the  method  by  which  copper  is  obtained  in  the  Lake  Superior  region 
in  Michigan,  where  the  copper  occurs  in  nearly  pure  condition,  princi- 
pally in  the  cement  between  the  small  rounded  pebbles  of  conglomerate 
rock,  and  as  "  amygdules  "  in  the  cavities  of  the  more  solid  and  massive 
diabase  rock,  and  occasionally  in  immense  embedded  masses.  The 
famous  Calumet  and  Hecla  and  Tamarack  mines,  the  largest  in  this 
region,  are  the  deepest  in  the  world. 

The  native  carbonate  ores  are  first  subjected  to  a  preliminary  calcining 
to  drive  out  carbon  dioxide  and  water,  and  the  cupric  oxide  which  is 
left  is  then  reduced  by  carbon.  In  this  process  of  reduction,  sand  is 
introduced  as  a  flux  to  form  into  a  pasty  mass  the  iron  oxides  and  other 
rocky  materials  from  which  the  copper  oxides  cannot  be  otherwise  con- 
veniently separated.     Native  oxide  ores  are  similarly  treated. 

The  working  of  sulphide  ores  of  copper  consists  of  a  series 

^J  of  roastings  in  the  air  to  oxidize  the  sulphur,  the  melting  into 

sand  or  other  suitable  flux  to  make  lighter  fusible  slags  with 
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which  is  then  subjected  in  a  "Bessemer  converter"  to  a  blast  of  air 
blown  through  it  until  the  sulphur  is  all  burned  out.  The  black  copper 
thus  obtained,  consisting  of  copper  and  cupric  oxide,  is  then  cast 
into  plates.  These  plates,  suspended  in  a  solution  of  cupric  sulphate, 
are  made  the  anodes  of  an  electrolytic  cell,  the  cathodes  being  copper 
plates.  As  the  current  passes,  the  copper  is  removed  from  the  black 
copper  anode  and  deposits  upon  the  cathodes,  the  impurities  falling 
to  the  bottom  of  the  tank.  When  the  copper  ores  contain  silver  and 
gold,  as  is  frequendy  the  case,  these  metals  are  found  in  the  mud  at 
the  bottom  of  the  tank. 

Silver,  Ag,  107.93 

Occarrance  Silver  is  found  native  in  free  condition,  but  more  abun- 
and  dantly  in  compounds.     Ordinarily  it  is  a  brilliant  white  metal. 

Properties,     g^^^  ^^^  ductile.     It  has.  a  specific  gravity  of  10.5.     It  fuses 

at  960°.  It  may  be  crystallized  in  octahedrons.  It  is  the  best  conductor 
of  heat  and  of  electricity.  It  is  not  oxidized  by  air  or  oxygen,  and  on 
this  account  has  many  uses  in  the  arts. 

Varieties  of  silver  are  known,  however,  which  appear  to  be  unstable 
allotropic  forms.  These  include  the  common  dark,  spongy  material, 
thrown  out  of  the  solutions  of  silver  salt  by  more  electro-positive  metals, 
which  passes  to  the  condition  of  white  metal,  as  well  as  other  rare  and 
unstable  forms,  one  of  which  appears  in  solution  with  a  blue  color,  while 
another  is  massive  with  the  color  of  gold.  All  of  these  forms  take  on 
the  characteristics  of  ordinary  silver  when  heated. 

Silver  has  always  been  considered  a  precious  metal,  and  as  such  has 
been  used  in  making  articles  of  ornament  and  in  coinage.  It  is  largely 
used  at  the  present  time  for  electro-plating  cheaper  metals,  and  so  giving 
to  tflem  a  surface  of  silver.  On  account  of  its  softness,  silver  to  be  used 
in  manufacturing  is  alloyed  with  copper.  Silver  coin  generally  contains 
not  far  from  ten  per  cent,  of  copper.  Silver  dissolves  in  mercury  to 
form  an  amalgam.  Silver  is  readily  acted  upon  by  dilute  nitric  acid,  and 
is  also  attacked  by  hot  sulphuric  acid  and  hydrochloric  acid.  Hydro- 
chloric acid  coats  it  with  an  insoluble  layer  of  silver  chloride.  Silver  is 
electro-positive,  and  forms  one  series  of  salts,  in  all  of  which  it  constitutes 
the  positive  ion. 

Silver  ^y  (acting  upon  silver  with  nitric  acid,  silver  nitrate  may 

Nitrate.  be  formed.     If  a  small  piece  of  s  i  1  v  e  r  is  heated  with  nitric 

acid,  diluted  with  half  its  volume  of  water,  the  acid  which  evaporates 


j^_0  Stlrer  caroonate,  AgjCUj,  is  a  light  yelJow  powder  wtuca 

Ag~Q  -  darijens  in  the  light  juid  when  heated.  It  is  formed  when 
a  soluble  carbonate,  such  as  sodium  carbonate,  is  added  to  a 
solution  of  silver  nitrate. 

2  AgNO.  +  Na,CO,  =  Ag,CO,  +  2  NaNO, 
Sih'er  chloride,  AgCl,  is  formed  as  a  white  precipiiatt 
when  hydrochloric  acid,  or  a  soluble  chloride  such  u 
.ui       sodium  chloride,  is  added  to  a  solution  of  silver  nitrate. 

^^^  AeNO.  +  «a  =  ABd  +  HNO. 

t>Siu   The  precipitate  becomes  curdy  and  settles  to  the  bottom  of  the  liquid 
A^t^'upon  shaking.     It  crystallizes  in  anhydrous  octahedra.     It  b  not  aeifd 

'     upon  by  dilute  acids.     When  freshly  precipitated,  it  is  readily  acted*ipoi 

by  ammonium  hydroxide.  It  is  also  acted  upon  by  an  excess  of  sodic^ 
chloride,  and  by  other  alkah  chlorides.  It  turns  bluish  when  exposed  u 
light.     It  occurs  native  as  the  mineral  cerargyrite  (horn  sTAier). 

Sih<er  bromide,  .^gBr,  is  formed  as  a  pale  yellow  precip:- 
tate  when  a  soluble  bromide,  such  as  potassium  bromidi^ 
KBr,  is  added  to  a  solution  of  silver  nitrate. 

AgNO,  +  KBr  =  AgBr  +  KNO, 
It  is  acted  upon  by  ammonium  hydroxide,  though  with  more  diffidity 
than  is  silver  chloride. 

Silver  iodide,  Agl,  is  formed  as  a  yellow  precipitate  -^ 
the  action  of  a  soluble  iodide,  such  as  potassium  iodide. 
KI,  upon  a  solution  of  silver  nitrate. 

AgNO,  +  KI  =  AgH-  KNO, 

It  is  acted  upon  with  much  difficulty  by  ammonium  hydroxide. 

Ag  Silver  sulphide,    AgjS,    is    precipitated   from   a    sobOM 

*B  of  silver  nitrate  by  hydrogen  sulphide. 

2  AgNO^  +  HiS  =  Ji%S  +  2  HNO, 
It  is  a  black,  amorphous  powder,  unacted  upon  by  ammonium  hydroii'f- 
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when  placed  in  contact  with  a  piece  of  zinc.  The  main  reaction  may 
be  expressed  by  the  equation, 

2  AgCl  -h  Zn  =  2  Ag  +  ZnClj 

though  the  hydrogen  liberated  in  the  action  of  the  zinc  upon  the  sul- 
phuric acid  doubtless  takes  part  in  the  reaction. 

2  AgCl  +  Hg  =  2  Ag  -f  2  HCl 

Silver  may  also  be  set  free  from  silver  compounds  by  the  ionized  hydro- 
gen liberated  by  the  electrical  current.  When  silver  chloride  is  melted  and 
then  cooled,  the  solidified  mass  is  found  to  be  a  conductor  of  electricity. 
When  such  a  mass  of  compacted  silver  chloride,  AgCl,  is  connected 
with  the  negative  pole  of  a  battery,  and  covered  with  dilute  sulphuric 
acid,  into  which  dips  a  platinum  wire  connected  with  the  positive  pole 
of  the  battery,  the  hydrogen  liberated  from  the  sulphuric  acid  reduces 
the  silver  chloride,  depositing  silver,  and  forming  hydrogen  chloride. 

2  AgCl  -h  Ha  =  Agi,  H-  2  HCl 

The  sulphuric  acid  is  decomposed  in  the  process  into  the  hydrogen, 
which  does  the  reducing,  oxygen,  which  is  liberated,  and  sulphur  trioxide, 
which  immediately  unites  with  water  to  form  more  sulphuric  acid,  exactly 
as  we  found  to  be  the  case  when  we  studied  the  indirect  decomposition 
of  water  by  electricity. 

Silver  nitrate  and  silver  sulphate,  both  white  fairly  soluble 

Summary.  ,        r     > 

salts  of  Silver,  may  be  made  by  acting  upon  silver  with  ap- 
propriate acids.  By  adding  a  soluble  hydroxide  to  a  solution  of  silver 
nitratCy  a  white  precipitate  of  unstable  silver  hydroxide  may  be  formed, 
which  decomposes  spontaneously,  forming  dark  bro7vn  sparingly  soluble 
silver  oxide.  Silver  oxide  may  be  acted  upon  by  acetic  acid  to  form 
silver  acetate.  Certain  insoluble  silver  salts,  such  as  silver  carboK- 
ate,  silver  chloride,  silver  bromide,  silver  iodide,  siher  sulphide,  silver 
chromate,  silver  cyanide,  and  silver  thiosulphate  may  be  formed  as  pre- 
cipitates  by  adding  suitable  reagents  to  solutions  of  silver  salts.  Sodium 
thiosulphate  will  act  upon  silver  chloride,  silver  bromide,  or  sih^er  iodide 
to  form  soluble  sodium  silver  thiosulphate.  Silver  may  be  replaced  in 
its  compounds  by  more  positive  metals, 

■ 

Several  of  the  silver  salts  find  a  useful   application  in 

phy  ^^*'      photography.      When  in  contact  with  organic  compounds, 

silver  chloride,  silver  bromide,  and  silver  iodide,  and  even 

silver  nitrate,  are  quickly  colored  by  sunlight,  which  effects  decomposi- 


In  the  mftailurgy  of  stiver,  the  pnnciples  whicH  we  ta« 
J;^'"'""'    studied  find  useful  application.      Silver  is  extracted  from  it. 

ores  by  the  amalgamation  process,  in  which  the  metal  is  madt 
Imalguna-  jjj(q  ^j,  amalgam  with  mercury,  from  which  it  may  be  re- 
JrV  covered  by  distilling  off  the  mercury.      In  countries  li« 

Mexico  and  Peru,  where  fuel  is  scarce,  the  pulveriEtd  ore. 
intimately  mixed  with  a  moist  mixture  of  copper  sulphate  and  salt,  yieliii 
silver  chloride,  and  mercury  stirred  in  at  the  same  time  reduces  the 
silver  chloride  to  silver,  forming  mercury  chloride.  As  mercury  is  an 
expensive  reagent,  the  process  is  much  improved  as  well  as  simplified  >t 
grinding  the  mixture  in  iron  pans  so  that  the  iron  may  take  part  ici  lb* 
reaction.  In  this  way  the  silver  chloride  is  reduced  by  the  iron,  anu 
then  the  mercury  amalgamates  the  silver  without  waste. 

a  AgO  +  Fe  =  1  Ag  +  FeCl, 

When  fiiel  is  to  be  had,  the  silver  ore  may  be  roasted  with  salt  i? 
convert  it  to  silver  chloride,  and  then  the  pulverized  material,  miid 
with  water,  is  reduced  by  rotating  in  a  barrel  with  scrap  iron.  Tr: 
liquid  amalgam,  or  solution  of  silver  in  mercury,  purified  by  strainir;. 
is  heated  in  a  furnace  so  constructed  that  the  vaporized  mercury  waj  be 
condensed  again.  The  stiver  remains  as  a  solid  residue. 
Concantra-  Sometimes  silver  ores  are  treated  by  the  conefnfrvt:.'' 

tion  and  and  cnpellation  process,  in  which  the  ores  may  be  fiiwi 

CupellatloD     directly  with  lead,  which  removes  the  silver'  from  its  ccr- 
^™""''  pounds  and  forms  a  lead-silver  alloy.     In  the  case  of  orf 

poor  in  silver,  it  is  better  to  mix  the  silver  ores  with  lead  ores,  redud^s 
both  simultaneously  by  suitable  furnace  treatment,  the  easily  reduce; 
lead  carrying  with  it  the  silver.  In  the  lead-siher  alloy  thus  prodnc! 
the  silver  may  be  concentrated,  or  brought  into  smaller  bulk,  by  s]o»); 
cooling  the  fused  mass,  when  the  pure  lead  will  crystallize  out  at  iv 
bottom,  and  may  be  removed  by  ladles,  leaving  finally  a  readily  fn?!""^ 
and  very  rich  alloy  of  silver  and  lead  ;  or  zinc  may  be  added  to  15; 
lead-silver  alloy,  when,  upon  cooling,  there  is  formed  upon  the  snrfsi'E 
a  rich  zinc- lead-silver  alloy,  from  which  the  zinc  may  be  removed  S 
distillation.  The  richer  lead-silver  alloy  thus  produced  is  atpelUd.  it 
roasted  with  access  of  air  upon  the  hearth  of  a  furnace  with  por:  : 
lining.  In  this  process  of  cupellation  the  lead  is  oxidized  on  the  surlai; 
of  the  molten  mass  and  partly  volatilized,  and  partly  absorbed  by  :H 
porous  lining  of  the  hearth,  the  unoxidized  silver  remaining  in  the  c^'^ 
Sometimes  silver  ores  are  treated  by  a  precipitation  process.  :■ 
roasting  sulphide  ores  in  air  silver  sulphate  is  formed,  and  the  »i'' 
extract  containing  the  silver  sulphate  is  treated  with  copper,  wl 
deposits  the  silver. 

Ag^,  -f  Cn  =  a  Ag  -I-  CuSO, 


which  at  a  still  higher  temperature  is  dissociated  into  gold  and  chlonre. 

aAuCl  =  lAu  +  CI, 

The  solution  of  auric  chloride  in  hydrochloric  acid,  foirned  when  s  'il 

is  acted   upon    by  aqua  regia,  yields,  on    evaporation,  yellow  nee^iT' 

which   con  tain    water    of   crystallization,    and    have    the    compoiinnr. 

HCl'AuCls-4HA  and  form  well- crystallized   salts,  like    KCl-AiK."!. 

3  H,0  and  a{NH,Cl  ■  AuCI,)  ■  5  H,0.     Such  compounds  as  these  tsv 

be  considered  to  be  either  double  salts,  or  derivatives  of  a  eAi'rm'-- 

acid,  HAuCl,. 

In  auric  chloride,  AuCIa,  and  other  auric  compounds,  gold  is  a  in 

alent   positive    ion,  and  in   aurous    chloride,  AuCl,  and   other  aun:^ 

compounds,  it  is  a  univalent  positive  ion. 

Auric  chloride,  AuCI,,  may  be  acted  upon  by  a  stror;> 

H— 0— iAu      basic  hydroxide  with  formation  oi  auric  hydroxide,  Axi{(yW~ 

ax  auric  acid,  HjAuOj.     An  excess  of  the  basic  bydroi;,i:f 

will  neutralize  auric  acid,  forming  a  compound  which  has  the  compoiii;  1 

of  an  Dxysalt  of  auric  acid,  and  may  therefore  be  called  an  auraU.    h 

auric  acid,  H,AuO„  and  in  the  aurates,  gold  is  a  constituent  of  l:.; 

negative  ion. 

„    .     „     Thus,  potassium  hydroxide  added  in  excess  to  a  st'b 
2— 0— Aa=0 

tion  of  auric  chloride,  AuClg,  will  give  potassium  asn:. 

KAuOt,  which  may  be  crystallized  out  of  the  solution  in  bright  ytli.> 
needles.  ^^(^,^  +  3  KOH  =  H^uOa  +  3  KCl 

KOH  +  HjAuOj  =  KAuO;  +  2  H^ 
^^^O-An-O       In  the  same  manner  magnesium  hydroxide  £;>?■ 
*S>-An=0   magnesium  aurate,  Mg(AuO,)j. 

aAuClj  +  4Mg(0H),  =  Mg(AuOj),  +  4  HjO  +  3  MgCU 

Ad-0  ^>'  ""bating  magnesium  aurate,  Mg(AuO,)„  with  &-:-- 

>0  nitric  acid,  auric  acid,  HjAuOj,  is  formed  as  an  insoi^.i; 

""  yellow-red  powder. 

Mg(AuOa)j  +  a  HNO,  +  2  HjO  =  2  Au(0H)3  +  Mg(NO,\; 

If  concentrated  nitric  acid  is  employed  in  the  operation,  the  a;': 

hydroxide  loses  its  water,  and  the  brown  insoluble  auric  oxide,  k-ci ' 

remains. 

Mg{AuO,),  +  2HNO.  =  Au^,  +  Mg(NOa),  +  H,0 


and  the  double  chloride  of  potassium  and  gold,  a.re  largely  used  m  lii; 
toning  of  photographic  pictures  in  silver,  as  has  been  previously  espUinfti- 
The  solution  of  the  double  potassium  aurous  cyanide  is  used  vith  a  go'j: 
anode  in  the  process  of  ekctro-plating  with  gold,  vhich  depends  upcic  ^ 

series  of  reactions.  ^; 

(i)  KCN  .  AuCN  =  K  +  CN  -AiiCN 

(a)  K  +  KCN  ■  AuCN  =  Au  +  z  KCN 

(3)  Au  +  ON- AuCN  =  2  AuCN 

(4)  KCN  +  AuCN  =  KCN  -AuCN 

Finely  divided  gold  and  the  "  purple  of  Cassius  "  are  used  in  poicdii: 
painting  and  in  the  manufacture  of  ruby  glass. 


Summary. 


By  acting  upon  gol4  with  chlorine  water,  or  with  ac  • 
regia,  soluble  auric  chloride  is  formed,  which,  when  ktM: 
forms  aurous  chloride,  which,  upon  further  heating,  yields  gold.  By  :■- 
action  upon  auric  chloride  of  basic  hydroxides  in  excess,  auratei  J* 
formed,  from  which  auric  acid  and  auric  oxide  may  be  obtained,  ^ 
the  action  of  a  suitable  hydroxide  upon  aurous  chloride,  auraus  esr. 
may  be  formed.  Auric  sulphide  and  aurous  sulphide  may  be  obta;-.-  ■ 
as  precipitates.  Potassium  aurous  cyanide,  useful  in  electro-platini.  ■■ 
also  known.  Gold  may  be  precipitated  from  its  salts  by  more  elecr.- 
positive  metals  and  by  certain  salts. 

Htaiiurn  This    metallurgy   of    geld  is   largely    mechanical.     T-:; 

0/  e<nd.  largest  repository  of  gold  it  the  sea  water,  which  appear- : 

contain  about  0.0045  Bfi"*  of  gold  to  a  ton  of  water,  but  no  meihoi:  - 
known  for  the  economic  extraction  of  gold  from  sea  water.  Rocks  fo  .' 
upon  the  sea  bottom  contain  gold,  either  in  the  remains  of  plants  wh  - 
have  taken  it  from  the  water,  or  as  a  deposit  by  chemical  action  ;  and  .■ 
veins  and  fissures  of  meiamorphic  rocks,  filled  chiefly  with  quartz.  •'  ■ 
found  associated  with  minerals  containing  silver,  copper,  and  other  meta- 
In  river -drained  regions  in  which  the  rocky  ntaterials  of  such  veins  h-' 
been  broken  down  by  the  natural  agencies,  gold  is  found  in  the  sand  3" ' 
gravel  as  "  gold  dust,"  and  in  larger  lumps,  or  "nuggets."  Placer  msi- 
consists  in  washing  away  the  lighter  particles  of  an  auriferous  i»ni  -: 
gravel,  while  saving  the  heavier  gold.  The  miners,  working  indii-iii™  ■■ 
"  pan  out  "  the  gold  by  the  rotary  motion  of  water  in  pans,  or,  ww'il  -, 
in  pairs,  they  "  cradle  "  it  out ;  while  on  the  larger  scale,  method'  . 
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hydraulic  mining  are  employed,  the  water  for  the  purpose  being  piped 
long  distances  and  delivered  under  great  head.  The  sand  and  gravel 
are  washed  through  sluices  in  which  the  heavy  particles  of  gold  settle, 
while  finer  particles  are  saved  by  conducting  the  water  over  plates 
covered  with  mercury  which  forms  an  amalgam  with  gold,  just  as  it  does 
with  silver.  From  such  an  amalgam  the  mercury  is  distilled  by  heat, 
while  the  gold  is  left  behind. 

Chiorinatioii  In  extracting  the  gold  from  rocky  and  mineral  material, 
and  Cyanide  the  ore  is  first  crushed.  In  many  cases  a  roasting  process 
Proceasas.  follows.  At  the  present  time  the  gold  ores  containing  the 
gold  in  free  condition,  but  which  do  not  at  the  same  time  contain  silver, 
in  fine  condition  and  ready  for  treatment,  are  generally  either  chlorinated 
or  treated  by  the  cyanide  process.  If  the  chlorination  process  is  used, 
advantage  is  taken  of  the  fact  that  gold  is  attacked  by  chlorine,  and  that 
the  gold  may  be  set  free  from  the  compound  thus  formed  by  ferrous 
sulphate.  In  the  cyanide  process  the  gold  is  treated  with  potassium 
cyanide  in  presence  of  air,  and  the  gold  is  recovered  from  the  solution  by 
the  action  of  zinc,  which  forms  zinc  cyanide  and  gold.  Silver  ores  often 
carry  a  considerable  proportion  of  gold,  and  if  such  ores  are  treated  by 
the  amalgamation  process,  the  silver  produced  contains  the  gold.  In 
such  cases  the  silver  and  gold  may  be  "  parted  "  by  nitric  acid,  the  silver 
being  removed  and  the  gold  remaining ;  but  in  order  that  such  "  part- 
ing" should  be  successful,  the  silver  must  amount  to  at  least  three 
fourths  of  the  whole  amount  of  metal. 

The  most  important  gold-producing  regions  of  the  world  are  the 
United  States,  Australia,  Russia,  South  Africa,  and  Alaska.  In  this 
country  Colorado,  California,  South  Dakota,  and  Montana  rank  high  as 
gold-producing  states. 


CHAPTER  XII 

SECOHDARY  SERIES  — GROUP  H 

Zinc,  Zd,  65-4 

Cadmluin,  Cd,  113-4 

Hercury,  Hg.  300.0 

The  elements  of  Group  11  of  the  secondary  series  ^ 
lustrous  metals,  of  high  specific  gravity,  aad  are  fouoii  '- 
combination  in  minerals,  which  occur  usually  as  ores  in  the  r««  of  ;it 
older  crystalline  rocks.  Cadmium  is  a  rare  metal,  and  its  compoumli  i'^ 
found  in  small  quantities  associated  with  the  more  common  ores  oii.'.:- 
PTDDHtia  ^''"'  '*  *  bluish  white  metal,  brittle  at  ordinary  temur:- 

tures,  malleable  when  hot ;  cadmium  is  ordinarily  maJleib'.- 
mercury  is  an  extremely  heavy  and  mobile  liquid.  Zinc  r  : 
cadmium  may  be  melted,  and  all  three  metals  volatili'f  - 
high  temperatures,  and  all  may  be  obtained  in  crystalline  condiTi  ■'■ 
Zinc  is  acted  upon  superficially  by  moist  air,  but  cadmium  is  hJt  ' 
affected,  and  mercury  not  at  all  by  air  at  ordinary  temperatures,  althn  .. 
all  three  metals  when  heated  in  air  form  solid  insoluble  oxides.  Ma--'  - 
zinc  and  cadmium  act  upon  water  at  red  heat,  liberating  hydrogen,  r 
finely  divided  zinc  will  set  free  hydrogen  from  water  at  ordioar)'  t;:-- 
peratures ;  mercury,  however,  is  without  effect  upon  water. 

Zinc,  cadmium,  and  mercury  may  be  deposited  from  solutiotts  of  tr' 
salts  by  the  electric  current  or  by  metals  above  them  in  the  elecr  ■ 
chemical  series,  and  they  will  deposit  other  metais  below  them  ir.  f- 
series.  Zinc,  cadmium,  and  mercury,  and  their  oxides  and  hydrox^i'- 
may  be  acted  upon  by  acids  with  formation  of  salts  in  which  these  m:'.  • 
are  positive  ions.  Mercury  forms  in  this  manner  two  classes  of  s."  •- 
which  differ  from  each  other  in  (he  proportions  in  which  mcrciir.  ■ 
contained  in  them,  and  cadmium  shows  to  a.  slight  extent  a  similar  v 
dency  to  form  two  classes  of  compounds  ;  but  only  one  class  of  linc  *-■  :■ 
378 
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in  which  zinc  is  the  positive  ion,  may  be  formed  by  the  interaction  of 
zinc,  or  its  oxide  or  hydroxide  with  common  acids.  A  few  zinc  salts, 
in  which  zinc  is  in  the  negative  ion,  may  be  formed  by  the  interaction 
of  zinc,  or  its  oxide  or  hydroxide,  with  strong  basic  hydroxides.  The 
valence  exhibited  by  zinc,  cadmium,  and  mercury  in  their  compounds  is  II. 

The  principal  minerals  which  contain  zinc  are  sphalerite^ 
ZnS,  smithsoniUy  ZnCOg,  calamine^  HjZnjSiOs,  and  other 
more  complex  compounds.  Cadmium  is  found  in  the  rare  mineral 
greenockiUy  CdS,  and  small  quantities  of  cadmium  are  found  in  combi- 
nation in  the  ores  in  which  zinc  is  the  principal  metal  present.  Small 
quantities  of  mercury  are  found  in  firee  condition  as  minute  liquid 
globules  disseminated  through  the  pores  of  certain  rocks,  and  alloys 
of  mercury  with  gold  and  silver,  known  as  amalgams^  are  also  found 
native.  The  principal  mineral  containing  mercury  is  cinnabar^  HgS. 
All  three  metals  of  the  group  may  be  obtained  by  roasting  their  ores, 
in  mixture  with  carbon  when  necessary,  in  suitably  constructed  retorts 
or  ovens,  and  condensing  the  resulting  vapors.  Both  zinc  and  mercury 
are  important  commercial  products,  and  serve  many  useful  purposes. 

Zinc,  Zn,  65.4 

Rednction  When   the   zinc    ores,   such    as    the   sphalerite^   ZnS,   or 

of  Zinc  smithsonite^  ZnCOg,  are  roasted  in  the  air,  zinc  oxide   is 

^^•'  formed  as  a  voluminous  flocculent  yellow  powder. 

2  ZnS  4-  3  Oj  =  2  ZnO  +  2  SO, 
ZnCOs  =  ZnO  +  CO, 

By  heating  with  powdered  carbon,  zinc  oxide  may  be  reduced  to  zinc, 
which  distils,  and  may  be  condensed  to  form  compact  crude  zinc  or 
spelter^  usually  associated  with  a  gray  powdery  mixture  of  zinc  and  zinc 
oxide  known  as  zinc  dust 

ZnO  +  C  =  Zn  +  CO 

In  the  practical  metallurgy  of  zinc  clay  retorts  are  placed  side  by 
side  in  a  furnace  and  connected  with  iron  receivers.  In  the  Belgian 
process  the  retorts  are  tubular  in  shape  and  are  provided  with  clay 
adapters  which  may  be  fitted  into  cylindrical  sheet-iron  condensers.  In 
the  first  stage  of  the  heating  the  escaping  carbon  monoxide  burns  with  a 
blue  flame  at  the  mouth  of  the  adapter,  but  when  the  increased  brilliancy 


Some  tnsolubU  salts  of  zine,  in  whiehstiie  ts  eketro-pasibrf , 
ZlDC  SalU.      ffiay  be  precipitated  from  solutions  of  tine  salts. 

/O— H  By  adding  to  a  GotutioQ  of  zinc  sulphate,  ZdSO«  or  of 

^'^\c_0  any  otKer  zinc  salt,  a  soluble  carbonate,  such  as  sodicx 
^'\oC  carbonate,  a  white  precipitate  is  formed  of  a  basic  be. 

/'O/^^^    hydroxycarbonate  of  variable  composition,  which  become* 
\o— H         more  basic  as  the  temperature  is  raised.     The   symbol 
Zn,(0H),(C03))  represents  the  composition  of  such  a  basic  zinc  car- 
bonate of  common  occurrence. 

3  ZnSO,  +  3  Na^CO.  +  H/)  =  Zn/OH)^CO,),  +  CO,  +  3  Na^. 

When  the  dried  precipitate  is  strongly  heated,  carbon  dioxide  and  water 
arc  evolved,  and  zinc  oxide  is  formed, 

ZnXOH),(CO,),  =  jZnO  +  «C0,  +  H,0 

and  when  it  is  acted  upon  by  sulphuric  acid,  carbon  dioxide  and  wai^r 
are  evolved,  and  zinc  sulphate  is  formed  in  solution, 

Zn,(0H),(C03),  +  3  H,SO,  =  3  ZnSO*  +  4  H^  +  a  CO, 

and  the  action  of  other  acids  is  similar. 

A  large  number  of  basic  zinc  carbonates  may  be  prepared  ortificia!!;' 
by  the  action  of  reagents  upon  zinc  compounds  under  suitable  con- 
ditions. The  neutral  zinc  carbonate,  ZnCOg,  occurs  native  as  ths 
mineral  smithsonite. 

When  ammonium  sulphide,  (NHi)sS,  or  any  sulpblde 
of  an  alkali  element,  is  added  to  a  solution  of  zinc  sulphai;. 
ZnSOj,  or  of  any  other  zinc  salt,  a  white  precipitate  of  a  hydnted  u*i 
sulphide,  ZnS  ■  HP  is  formed, 

ZnSO,  +  (NH,)^  +  HjO  =  ZnS-H/»  +  (NHJiSO^ 

which  is  readily  acted  upon  by  sulphuric  acid,  and  by  other  comrooc 
acids  with  formation  of  zinc  salts  and  hydrogen  sulphide. 

ZnS .  H,0  +  Hi30i  =  ZnSO<  +  H^  +  H^ 

Hydrogen  sulphide  precipitates  hydrated  zinc  sulphide  from  a  solutim 
of  zinc  acetate,  but  precipitation  is  only  partial  from  salts  of  the  stronger 
acids.  Upon  heating  the  hydrated  zinc  sulphide,  a  mixture  of  anhydnxn 
zinc  sulphide,  ZnS,  and  zinc  oxide  is  formed. 
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2j^g  By  the  action  upon  soluble  zinc  salts  of  strong  basic  hy- 

Hydroxide.  droxides^  zinc  hydroxide  may  be  precipitated.  By  adding 
0— H  sodium  hydroxide,  or  any  other  soluble  basic  hydroxide, 
^—^      to  a  solution  of  zinc  sulphate,  ZnS04,  or  of  any  other  zinc 

salt,  we  may  precipitate  white  zinc  hydroxide^  Zn{0H)2,  readily  acted 

upon  by  an  excess  of  basic  hydroxides  and  by  acids. 

ZnS04  4-  2  NaOH  ==  Zn(0H)2  -|-  Na2S04 

When  the  dried  precipitate  of  zinc  hydroxide  is  heated,  water  is  evolved 
and  zinc  oxide  results. 

Zn(0H)2  =  ZnO  -|-  H,0 

When  zinc  hydroxide  is  acted  upon  by  sulphuric  acid,  zinc  sulphate  is 
formed,  Zn(OH)2  +  H2SO4  =  ZnS04  +  2  H/) 

and  other  acids  similarly  act  upon  it  to  form  corresponding  salts. 

When  zinc  hydroxide  is  acted  upon  by  sodium  hydroxide,  unstable 
sodium  zincate,  NaZn02,  is  formed  in  solution, 

2  NaOH  +  Zn(OH)8  =  Na^ZnO,  -f  2  H/) 

and  potassium  hydroxide  and  ammonium  hydroxide  act  upon  it  similarly. 
Since  zinc  is  a  strongly  electro-positive  element,  standing  above  most 
of  the  common  metals  in  the  electro-chemical  series,  it  will  replace 
most  of  the  common  metals  in  solutions  of  their  salts.  Thus,  we  have 
seen  that  strips  of  zinc  plunged  into  solutions  of  the  salts  of  copper, 
silver,  or  gold,  will  spontaneously  decompose  these  compounds,  becoming 
covered  with  coatings  of  these  respective  metals  in  a  state  of  fine  divi- 
sion, while  corresponding  salts  of  zinc  are  formed  in  solution. 

Zinc  oxide  may  be  formed  by  heating  zinc  in  air;  by  the 
action  upon  zinc  or  zinc  oxide  of  the  corresponding  acids^ 
zinc  sulphate,  zinc  nitrate,  and  hydrated  zinc  chloride  may  be  forjned 
respectively ;  by  heating  zinc  sulphate  or  zinc  nitrate,  zinc  oxide  may  be 
formed;  and  by  heating  hydrated  zinc  chloride,  some  basic  zinc  chloride,  or 
zinc  hydroxide,  or  zinc  oxide,  as  well  as  anhydrous  zinc  chloride,  results  ; 
basic  zinc  carbonates,  decomposable  by  heat  with  formation  of  zinc  oxide^ 
and  by  acids  with  formation  of  corresponding  zinc  salts,  may  be  precipi- 
tated from  solutions  of  zinc  salts  by  soluble  carbonates ;  hydrated  zinc 
sulphide,  changeable  into  zinc  oxide  by  heating  in  air,  and  decomposable 
by  cuids  with  formation  of  corresponding  zinc  salts,  may  be  precipitated 
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hedral  crystals  of  microscopic  size  when  sublimed  at  white  heat  It  has 
a  specific  gravity  of  6.5 ,  and  is  insoluble  in  water.  It  may  be  acted  upon 
by  carbon  as  other  reducing  agents  with  formation  of  cadmium,  which 
under  suitable  conditions  may  be  obtained  in  free  condition* 

CdO  +  C  =  Cd  4-  CO 

Another  oxide  of  cadmium,  known  as  cadmous  oxide,  CdjO  (cadmium 
suboxide),  has  been  obtained  as  yellow  crystals  by  heating  cadmous 
hydroxide.     It  acts  as  a  reducing  agent,  readily  forming   cadmium 
oxide,  CdO,  at  the  expense  of  the  oxygen  of  other  substances, 
SolubU  By  the  action  of  strong  acids  upon  cadmium  or  cculmium 

C^™*w  oxide,  corresponding  cadmium  salts  may  be  formed, 

yo\  y^       Cadmium  sulphate,  CdSO^,  is  formed  slowly  in  solution 
^   nO/\o  by  the  action  of  sulphuric  acid  upon  cadmium, 

Cd  +  HjS04  =  CdSO^  +  H, 

and  more  readily  by  the  action  of  sulphuric  agid  upon  cadmium 
oxide,  CdO.         ^^^  ^  ^^^  ^  ^^g^^  ^  ^^ 

When  the  water  solution  is  allowed  to  evaporate  at  ordinary  tempera- 
ture, crystals  of  the  composition  3  CdS04  •  8  H2O  may  be  obtained, 
although  at  —  20^  crystals  have  been  obtained  having  the  composition 
CdS04  •  7  HjO  and  CdS04  •  HjO.  Basic  cadmium  sulphates  are  also 
known.  Cadmium  sulphate  forms  double  salts  with  the  alkali  sul- 
phates, such  as  Na2S04  •  CdS04  •  2  HjjO,  K«S04  •  CdS04  •  2  H  A  and 
K2SO4  •  CdS04  •  6  HjO.  At  a  white  heat  the  cadmium  sulphates  are 
converted  completely  into  cadmium  oxide. 

0— 50g       Cadmium  nitrate,  Cd(N80)2,  may  be  obtained  in  solution 
3  by  acting  with  nitric  acid  upon  cadmium  or  cadmium 
oxide,  CdO. 

Cd  +  4  HNQs  =  Cd(NOa),  +  2  HjO  +  2  NO, 

It  forms  deliquescent  crystals  of  the  composition  Cd(N0k)i-4  H^O, 
which  may  be  decomposed  by  heating  and  by  sulphuric  acid. 

Ci  Cadmium  chloride,  CdCU,  may  be  made  by  the  action  of 

^  hydrochloric  acid  upon  cadmium  or  cadmium  oxide. 

Cd  +  2  HCl  «  CdCU  +  H, 
CdO  +  »  HCl  =  CdCl,  +  H,0 


^*<o-No: 
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which  gives  cadmium  oxide^  CdO,  when  heated, 

Cd(0H)2  =  CdO  -f  HjO 

and  may  be  acted  upon  by  acids  with  formation  of  corresponding  cad- 
mium salts,  sulphuric  acid  acting  upon  it  to  give  cadmium  sulphate, 

CdS04. 

Cd(OH),  +  HjS04  =  CdS04  -I-  2  H,0 

Another  hydroxide  of  cadmium,  cadmous  hydroxide,  CdOH,  may  be 
formed  by  the  action  of  water  upon  certain  complex  halogen  compounds 
of  cadmium,  such  as  Cd4Cl7,  Cd4Br7,  or  Cdjlaj,  obtained  by  volatilizing 
the  ordinary  halogen  compounds,  CdClj,  CdBrj,  Cdlj,  over  cadmium.  It 
is  a  grayish  white  unstable  substance,  which  gives  cadmous  oxide^  Cd^O, 
upon  heating.     Cadmous  oxide  acts  as  a  reducer. 

Cadmium^  being  less  electro-positive  than  zinc,  may  be  replaced  by 
zinc  from  solutions  0/  cadmium  salts.  When  we  plunge  a  piece  of  zinc 
into  a  concentrated  solution  of  c.admium  sulphate,  CdS04,  the  zinc 
becomes  covered  with  a  dark  coating  of  finely  divided  cadmium,  while 
zinc  sulphate  is  formed  in  solution. 

CdS04  +  Zn  =  Cd  -I-  ZnS04 

Magnesium  may  also  replace  cadmium  from  its  salt  solutions,  while  cad- 
mium will  itself  replace  copper,  silver,  gold,  and  many  other  common 
metals  from  solutions  of  their  salts. 


Cadmium  oxide  may  be  formed  by  heating  cadmium  in 

Summary.  .  .  , 

air,  and  cadmous  oxide  may  be  obtained  by  heating  cad- 
mous hydroxide  ;  by  the  action  of  the  corresponding  acids  upon  cadmium 
or  cadmium  oxide^  cadmium  sulphate^  cadmium  nitrate,  and  cadmium 
chloride  may  be  formed ;  cadmium  carbonate,  decomposable  by  heating 
and  by  acids,  and  cadmium  sulphide,  may  be  precipitated  from  solutions 
of  cadmium  salts ;  cadmium  hydroxide  may  be  precipitated  by  adding 
soluble  hydroxides  to  solutions  of  cadmium  salts,  while  cadmous  hydroxide 
may  be  formed  by  the  hydrolysis  of  certain  complex  halogen  compounds  of 
cadmium  ;  cadmium  may  be  replaced  in  solutions  of  its  salts  by  zinc  and 
some  other  more  positive  elements,  and  will  itself  replace  copper^  silver, 
gold,  and  other  positive  elements  from  their  salts. 


squeezing  the  metal  through  chamois  skin.     Mercury  may  also  be  Erfti 
from  impurities  by  distilling  it,  best  under  diminished  pressure. 
Uh*  M  Because  of  its  specific  gravity,  its  stability  in  air  and  wtxrr, 

Hercniy.  and  the  ease  with  which  it  may  be  obtfuned  in  pure  «inditi)  i 
mercury  is  largely  employed  in  making  scientific  Instruments.  It  is  ast\ 
in  the  baramekr.  Its  uniform  rate  of  change  In  volume  with  chaogir. 
temperature,  together  with  Its  low  freezing  point  and  high  boiling  poinr. 
adapts  mercury  for  use  in  thermomtleri.  Its  high  electrical  condnctniiv 
makes  it  useful  in  the  construction  of  many  forms  of  electrical  appuxui. 

Mercury  is  largely  employed  in  the  metallurgical  proceaaes  for  ir;    . 
separation  of  silver  and  gold  from  their  ores,  since  mercury  forms  wiia   ' 
these  elements  amalgams,  from  which  the  mercury  may  be  driven  b* 
heating.     Sodium  amalgam  is  used  in  metallurgy  and  ii  also  valuable  u 
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below  the  boiling  point,  when  the  minute  crystals  form  in  gradually  in* 
creasing  quantity  on  the  surface  of  the  mercury, 

a  Hg  -f  Og  =  2  HgO 

or  by  heating  a  mixture  of  mercuric  nitrate  and  mcrcuty.  The  yellow 
variety  of  mercuric  oxide  it  formed  as  a  slightly  soluble  precipitate  by 
acting  with  an  excess  of  an  alkali  hydroxide  upon  a  solution  of  mercuric 
nitrate  or  mercuric  chloride.  When  heated,  mercuric  oxide  darkens, 
and  at  400°  decomposes  into  mercury  and  oxygen,  a  partial  recombina- 
tion of  the  two  elements  occurring  on  codling  the  product. 

2  HgO  ^  2  Hg  -h  O, 

This  reaction,  used  by  Priestley  in  1774  in  his  discovery  of  oxygen,  is 
stiU  employed  for  producing  oxygen  for  laboratory  purposes. 

Many  finely  divided  metals  are  oxidized  when  heated  with  mercuric 
oxide.  A  mixture  ai  sulphur  and  mercury  oxide  explodes  when  heated. 
Mercuric  oxide  is  readily  attacked  by  hydrochloric  acid  and  by  nitric 
acid  with  formation  of  salts  in  solution.  Mercuric  oxide  may  be  acted 
upon  by  liquid  ammonia  and  by  ammonium  hydroxide  to  form  certain 
vostable  dimeicurammonium  compounds. 

Mexciixlc  The  mercuric  salts  may  be  made  by  acting  with  strong 

Salts.  acids  in  excess  u^n  mercury  or  upon  mercuric  oxide,  and  a 

— .  ^0— H0|  few  may  be  formed  as  precipitates, 

~  ^      Mercuric  nitrate,  Hg(N0g)8,  may  be  made  by  acting  with 
an  excess  of  nitric  acid  upon  mercury. 

Hg  +  4  HNOs  =  HgCNOs),  +  2  HjO  +  »  NO, 

or  by  the  interaction  of  nitric  acid  and  mercuric  oxide. 

HgO  -I-  2  HNOs  -  Hg(N03),  +  H^ 

From  the  resulting  solutions,  containing  an  excess  of  nitric  acid,  deli- 
quescent crystals  of  the  composition  2  Hg(N03)2  •  H2O  may  be  obtained 
by  evaporation  over  sulphuric  acid  at  ordinary  temperature.  At  —15^ 
the  salt  holds  eight  equivalents  of  water,  and  is  represented  by  the  symbol 
Hg(NO,), .  8  H2O. 

Mercuric  nitrate,  Hg(N03)2,  does  not  dissolve  in  pure  water  without 
residue,  and  the  clear  solution  which  may  be  made,  if  a  little  nitric  acid 
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is  present,  becomes  turbid  on  dilution  with  water,  because  of  the  forma- 
tion of  various  insoluble  mercuric  oxynitrates,  which  approximate  more 
or  less  to  the  composition  of  mercuric  oxide,  and  which  by  a  sufficiently 
extended  treatment  with  water  leave  mercuric  oxide  as  a  final  residue. 
Such  a  mercuric  oxynitratey  formed  as  an  intermediate  product  of  the 
hydrolysis  of  mercuric  nitrate,  has  the  composition  Hg803j(NOa)j  •  H^O. 

3Hg(N08)2  +  2H,0  =  Hg302(N03)2  -h  4HNOs 

By  the  action  of  water  upon  this  compound,  mercuric  oxide  is  left  as  a 
final  residue, 

Hg80,(N03)2  +  H2O  =  3HgO  +  2HNO3 

so  we  may  represent  the  complete  action  of  water  upon  mercuric  nitrate 
as  forming  nitric  acid  and  a  residue  of  mercuric  oxide. 

Hg(N03)2  +  H,0  =  HgO  -h  2HNO3 

When  mercuric  nitrate  is  carefully  heated,  nitrogen  tetroxide  and 
oxygen  are  evolved,  and  a  residue  of  mercuric  oxide  is  left  behind. 

2  Hg(N03)2  =  2  HgO  -h  O2  -h  4  NO, 

If  a  mixture  of  mercuric  nitrate  and  mercury  is  heated  similarly,  all 
the  mercury  is  converted  into  mercuric  oxide,  and  nitrogen  dioxide  is 

formed.  Hg(NO,),  +  3  Hg  =  4  HgO  +  2  NO 

This  is  a  commercial  method  for  manufacturing  mercuric  oxide.  When 
a  solution  of  mercuric  nitrate  containing  some  nitric  acid  is  shaken  with 
mercury,  the  reducing  action  of  the  mercury  proceeds  only  to  the  forma- 
tion of  mercurous  nitrate. 

Hg%  ^       When  ammonium  hydroxide  is  added  to  a  hot 

Hfr^  \o  dilute  solution  of  mercuric  nitrate,  Hg(N03)2,  dimer- 

curammonium  nitrate ^  NHg2N03,  may  be  formed  as  a  white  insoluble 
precipitate. 

2  Hg(N08)2  H-  4  NH4OH  =  NHgjjNOs  +  3  NH4NO8  +  4  H^O 
^  x«/5^'^       il/<?rr^/rzV  sulphate y  HgS04,  may  be  prepared  as  a  white 
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crystalline  mass  by  heating  mercury  with  sulphuric  acid 
and  evaporating  the  excess  of  acid,  sulphur  dioxide  being  evolved. 

Hg  -f  2  HjjSO^  =  HgS04  +  2  H,0  -h  SOj, 
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Upon  covering  this  anhydrous  salt  with  exactly  the  equivalent  amount 
of  water,  the  mass  is  changed  to  colorless  brilliant  crystals  having  the 
composition  HgS04«  HjO,  which  by  further  action  of  water  yield  the 
yellow  insoluble  basic  sulphate  Hg302(S04) .  Mercuric  sulphate  is  acted 
upon  by  sulphuric  acid  in  excess,  probably  with  the  formation  of  an 
acidic  mercuric  sulphate. 

Cl  Mercuric  chloride y  HgClj  (corrosive  sublimate),  may  be 

^^         made  by  the  direct  action  of  an  excess  of  chlorine  upon 

mercury,  or  by  other  reactions   in  which  mercury  and  chlorine  are 

brought  into  action  indirectly  in  suitable  proportions.     It  is  formed 

when  chlorine  is  passed  over  mercury  heated  to  boiling  point, 

Hg  +  CI,  =  HgCl, 

by  acting  upon  mercuric  oxide,  HgO,  with  hydrochloric  acid, 

HgO  +  2  HCl  =  HgClj  -h  H,0 

and  by  heating  mercuric  sulphate,  HgS04,  and  sodium  chloride  in 
mixture,  advantage  being  taken  of  the  £act  that  mercuric  chloride  is 
volatile  at  moderately  high  temperature. 

HgS04  +  2  NaCl  =  HgCla  +  NajS04 

The  last  process  is  a  commercial  method  for  the  preparation  of  mercuric 
chloride. 

Mercuric  chloride^  HgCl2,  is  a  white  crystalline  substance  of  specific 
gravity  5.4,  melting  at  265°,  boiling  at  307°,  moderately  soluble  in  cold 
water,  readily  soluble  in  hot  water  and  in  alcohol,  from  which  it  may 
be  crystallized.  The  specific  gravity  of  mercuric  chloride  vapor  corre- 
sponds to  the  symbol  HgCl,.  Mercuric  chloride  is  an  active  poison, 
and  is  largely  used  as  a  disinfectant  and  in  surgery  as  an  antiseptic. 

Mercuric  chloride  may  be  reduced  to  mercurous  chloride  by  mercury, 
stannous  chloride,  sulphurous  acid,  and  other  reducing  agents. 

Mercuric  chloride  combines  with  mercuric  oxide  to  form  the  com- 
pounds 2  HgClj .  HgO,  HgClj  •  2  HgO,  etc.,  with  hydrochloric  acid  to 
form  HgClj  •  HCl  and  2  HgCl2  •  HCI,  and  with  the  alkali  chlorides  or 
ammonium  chloride  to  form  KCl  •  HgClj  •  HjO,  2  KCl  •  HgCl,  •  HgO, 
2  NaCl  •  HgClf,  NH4CI  •  HgCla,  and  many  other  similar  complex  salts. 
Hg^^w  ni  «ir  ni  When  ammonium  hydroxide  is  added  to  a  solution 
Hfr^  of  mercuric  chloride,  an  insoluble  dimercurammonium 

derivative  is  formed,  which  has  the  composition  NHgjCl  •  NH4CI,  corre- 
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spending  to  that  of  a  double  salt  of  dimercurammonium  chloride  idpJ 
ammonittm  chloride,  and  known  as  "  infusible  white  precipitate." 

2  HgClj  +  4  NH4OH  =  NHgsQ  .  NH4CI  +  2  NH.Cl  4-  4  H/J 

Another  similar  double  salt,  NHgjCl  •  3  NH4CI,  known  as  "  fiisible  whic 
precipitate,"  may  be  made  by  heating  the  "infusible  white  precipitate'* 
with  ammonium  chloride. 

Mercuric  bromide,  HgBrj,  is  a  crystalline  solid,  formed  by  the  act:-^:: 
of  bromine  upon  mercury,  or  of  hydrobromic  acid  upon  mercun: 
oxide. 

Mercuric  iodide,  Hgl2,  is  a  dimorphous  crystalline  substance,  scar'.e: 
or  yellow,  according  to  the  temperature  and  mode  of  crystallization.  I: 
is  made  by  rubbing  together  an  excess  of  iodine  with  mercury,  best  v^ 
presence  of  alcohol,  or  by  adding  a  soluble  iodide  to  a  solution  of  1 
mercuric  salt.  Potassium  iodide  precipitates  from  solutions  of  mercj:  c 
chloride,  yellow  mercuric  iodide,  and  this  changes  to  scarlet  Fro-'J 
its  solution  in  methylene  iodide,  mercuric  iodide  crystallizes  in  the  ye.- 
low  form  or  in  the  red  form,  according  to  temperature.  When  the  drr 
red  mercuric  iodide  is  heated  above  the  transition  temperature,  1 26". :: 
goes  over  suddenly  to  the  yellow  form,  and  on  further  heating  a  pon:.-. 
sublimes  in  yellow  needles,  a  portion  fusing  at  223°  to  a  red  liq:  V 
The  yellow  form  when  rubbed  passes  into  the  red  form,  with  evolution  if 
heat.  Many  double  iodides  of  mercury  and  other  elements,  such  ::-> 
Hgia  •  HI,  2  Hglj  •  3  HI,  Hgla  •  KI,  Hgig  •  2  KI,  etc.,  are  known. 
Mg—{^  Asolutionof  mercuric  nitrate,  Hg(NO,)*, gives «+rn 

y^    Nrft_     acted  upon  by  a  soluble  carbonate,  such  as  sodium  cr- 
\o  /  b  o  n  a  t  e,  a  reddish  brown  precipitate  of  a  mercuric  oxy  c-jr- 

^n^-Qi  donate,  which  approximates  the  composition  HgjQjCu- 

3  Hg(N03)2  H-  3  Na^COs  =  HfoCCOg  +  6  NaNO,  +  2  CX), 

and  which  upon  warming  breaks  down  into  yellow  mercuric  oxide  ar.i 

carbon  dioxide. 

Hg302C08  =  3  HgO  -f  CO, 

Mercuric  chloride,  HgCl2,  in  solution,  likewise  reacts  with  sobNe 
carbonates,  but  in  such  action  the  mercuric  chloride  tends  to  comhitie 
with  precipitated  mercuric  oxide,  giving  rise  to  the  insoluble  mercuTK 
oxychlorides  already  mentioned. 
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When  to  a  solution  of  mercuric  nitrate,  Hg(N0g)2, 
or  other  mercuric  salt,  is  added  either  hydrogen  sulphide, 
or  some  other  soluble  sulphide,  a  precipitate  falls  which  is  at  first  white, 
and  consists  of  complex  double  compounds,  such  as  HgS  •  Hgx(NOg)j, 
or  2  HgS  •  HgClg,  which  turn  yellow  and  brown,  finally  decomposing  in 
the  excess  of  the  reagent,  forming  black  mercuric  sulphuie,  HgS. 

HgCNOs),  +  H^  =  Hg:S  +  2HNO8 

The  black  precipitate  is  acted  upon  by  strong  hydrochloric  acid  and  by 
aqua  regia,  forming  solutions.  Nitric  acid  acts  upon  it  to  form  the 
white  insoluble  double  salt,  HgS«  Hg(N03)j. 

Mercuric  sulphide  may  also  be  made  by  rubbing  mercury  and  sulphur 
together.  It  occurs  native  as  the  mineral  cinnabar^  one  of  the  impor- 
tant mercury  ores.     It  is  used  as  a  pigment. 

^  ^  ^r,^,  w       From  a  solution  of  mercuric  nitrate,  Hg(N08)2,  or 
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other  mercuric  salt,  a  soluble  chromate  such  as  potas- 
sium chromate',  K2Cr04,  will  precipitate  yellow  mercuric  chromate^ 

HgCr04.         HgCNOa),  +  KsCr04  =  HgCr04  +  2  KNO3 

_  Mercuric  oxide  may  also  deformed  as  a  precipitate. 

From  a  solution  of  mercuric  ,  nitrate,  Hg(N03)2, 
sodium  hydroxide  and  other  soluble  hydroxides  will  precipitate 
yellow  mercuric  oxide^  HgO. 

HgCNOg),  +  2  NaOH  =  HgO  +  H2O  +  2  NaNOg 

From  solutions  of  mercuric  chloride,  which  is  relatively  inert  toward 
water,  mercuric  oxide  may  be  precipitated  by  the  action  of  alkali 
hydroxides  in  excess  in  hot  solution,  the  reaction  under  other  conditions, 
however,  tending  to  the  formation  of  insoluble  mercuric  oxychlorides. 
From  solutions  of  mercuric  cyanide,  Hg(CN)s,  alkali  hydroxides  fail 
to  precipitate  mercuric  oxide. 

Mercaioas  Mercurous  oxide  may  be  formed  as  a  precipitate  by  adding 

a  soluble  hydroxide  to  a  mercurous  salt  in  solution.     When 

l**\()  sodium   hydroxide  solution  is  added  to  a  solution  of 

Hg-^  mercurous  nitrate,  Hg2(N03)8,  mercurous  oxide ^  Hg20y 

faUs  as  a  black  precipitate, 

HgiCNOg),  +  2  NaOH  =  Hg,0  +  HjO  +  2  NaNO, 
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which,  under  the  action  of  light,  or  when  heated  to  100°,  dKoni;.'-;- 
into  mercuric  oxide  and  mercury. 

Hg,0  =  HgO  +  Hg 

Hsrcntoiia  Seine  meuurous  salts  may  be  made  by  ac&ng  s,w  " 

S»lt«-  excess  of  mercury  or  mercuroui  oxii/e  wiA  aciJi. .'  ' 

reducing  the  mercuric  salts  with  mercury  or  other  reducing  agrnlt.  ■ 
nearly  all  may  be  formed  as  precipitates. 

_o-K&5       Mercurous  «//^iift,  Hgj(N03),,  may  be  obttineis--* 
anhydrous  crystals  by  the  action  of  dilute  nitric  ac:'^  ■ 
the  cold  upon  an  excess  of  mercury.  1 

6  Hg  +  8  HNOa  =  3  Hgi(NOa),  +  4  H^  +  !  NO  , 

Mercurous  nitrate  does  not  dissolve  completely  in  pure  waKJ.  - 
solutions  of  it  raay  be  made  in  water  containing  a  little  nitric  ^c,: ' 
combat  the  tendency  to  hydrolj^is.  The  solution  of  mercurous  r,:"-. 
in  water  slightly  acidulated  with  nitric  acid  becomes  turbiJ  ; 
dilution,  because  of  the  formation  of  insoluble  oxynitratei,  a'l- 
prolonged  action  of  water  upon  mercurous  nitrate,  a  tasit  "■ 
curous  hydroxynitrak,  Hgj(0H)N04,  may  be  obtained.  1 

Hg-(N03),  +  HjO  =  Hg,(OH)NO,  +  HNO,  | 

When  mercurous  nitrate  is  heated  cautiously,  nitrogen  tetrM''-. 
evolved,  while  a  residue  is  formed  of  mercuric  oxide,  which  mi)  ■ 
decomposed  at  higher  temperatures.  , 

Hg,(N03)t  =  2  HgO  +  aNO,  | 

When  a  solution  of  mercurous  nitrate,  containing  nilri^-'  ' 
is  allowed  to  stand,  mercuric  nitrate  is  gradually  formed, 

Hg,(NO,)i  +  4  HNO,  =  2Hg(N0,),  +  aHiO  +  sNO:     | 

but  such  action  of  the  nitric  acid  may  be  checked  by  kefpi'^j  ■ ' 
solution  constandy  in  contact  with  mercury.  ' 

flg^  y^       The  action  of  ammonium  hydroxide.  Nb.' 

Hg^  \0  upon   mercurous  nitrate,  results  in  the  pr'"-:  ■ 

of  white  insoluble  dimercurammonium  nitraU,  NHgjNOj,  blactc";- 
mercury  in  a  state  of  fine  division. 
aHgs(N0,),  +  4NH.0H  =  NHg^JO,  +  a  Hg  4- 3  NH,N0j-4i!.  : 
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Bg^O\^^  Mercurous  sulphate^  Hg2S04,  may  be  formed  by  heating 
zffr-0/  N^O  an  excess  of  mercury  with  concentrated  sulphuric  acid, 
sulphur  dioxide  being  evolved. 

2  Hg  -h  2  H2SO4  =  HgaSO^  +  2  HjO  +  SO, 

Mercurous  sulphate  is  also  formed  as  a  sparingly  soluble  precipitate  by 
adding  sulphuric  acid  to  a  solution  of  mercurous  nitrate,  Hg2(N03)s. 
ug-~C\  Mercurous  chloride^  HgjCla  (calomel),  may  be  produced 

Mg—ZX  in  association  with  mercuric  chloride  when  chlorine  and 

mercury  combine  in  suitable  proportions. 

2  Hg  -f  CI2  =  HgjCU 

It  is  more  conveniently  obtained  by  reactions  in  which  mercuric 
chloride  suffers  reduction,  or  by  precipitation  from  solutions  of  mer- 
curous nitrate. 

When  mercuric  chloride,  HgCl2,  is  heated  over  mercury,  mer- 
curous chloride,  Hg^Cl,,  results. 

HgCls  +  Hg  =  Hg^Cla 

A  similar  process,  in  which  mercuric  sulphate,  HgS04,  sodium  chloride, 
NaCl,  and  mercury  are  heated  in  mixture,  producing  mercurous  chloride 
as  a  sublimate,  is  employed  for  the  commercial  preparation  of  mer- 
curous chloride. 

Stannous  chloride,  SnCl2,  reduces  mercuric  chloride,  HgCla, 
in  solution,  forming  mercurous  chloride, 

2  HgClj  +  SnClj  =  HgoCls  +  SnCl4 

and  then  acts  upon  the  mercurous  chloride  with  separation  of  mercury. 

HgaCla  +  SnClj  =  3  Hg  4-  SnCU 

Sulphurous  acid,   H2SO3,  in  water  solution,  reduces  mercuric 
chloride  to  mercurous  chloride, 

2  HgClj  -h  H2SO3  +  H^O  =  HgjCl^  +  H2SO4  -h  2  HCl 

and  in  hot  solution  acts  further  upon  the  mercurous  chloride  with 
separation  of  mercury. 

HgjClj  +  HjSOs  +  H,0  =  2  Hg  -h  Hj^04  -h  2  HCl 


When  hydrochloric  acid,  sodium  chloride,  or  any  other  sol  '  !■: 
chloride  is  added  to  a  solution  of  mercurous  nitrate,  Hg.^NO  l 
mercurous  chloride,  HgiClj,  is  formed  as  a  white  precipitate. 
Hg,(NOa).  +  z  HCI  =  Hg^  +  a  HNO, 

Mercurous  chloride,  crystalline  when  formed  by  sublimation,  ax-'T- 
phous  or  partly  crystalline  when  precipitated,  is  a  white  solid,  of  %\fx.~ 
gravity  7.1,  insoluble  in  water  and  in  alcohol.  It  is  largely  used  as  i 
medicine. 

Mercurous  chloride  volatilizes  at  red  heal,  with  consequent  dissodi- 
tion,  forming  a  colorless  vapor  containing  mercuric  chloride  and  merctrv. 
which  upon  cooling  recombine  to  form  a  sublimate  of  mercuric  chiori:  1 
Hg^l,  -X  HgCl,  +  Hg  j 

Sunlight  changes  mercurous  chloride  gradually  into  mercuric  chlprii;  j 
and  mercury,  and  a  similar  decomposition  of  mercurous  chloride  ic  "^ 
be  brought  about  by  heating  it  with  hydrochloric  acid  or  with  ct- 
centrated  solutions  of  chlorides. 

It  has  been  shown  that  certain  reducing  agents,  such  as  stann.M- 
chloride,  SnClj,  and  sulphurous  acid,  HjSOj,  may  act  upon  memir.;:^ 
chloride,  HgjClj,  to  separate  mercury.  Oxidizing  agents,  on  the  a-r.r 
hand,  tend  to  change  mercurous  chloride  into  mercuric  chloride  or  c:-.;' 
mercuric  salts.  Chlorine  in  the  presence  of  water  changes  mercuro-^ 
chloride,  HgjClj,  to  mercuric  chloride,  HgClj. 
HgjCl,  +  CI,  =  2  HgCI, 

Nitric  acid  acts  upon  mercurous  chloride,  Hg.Cl^  to  form  tdtt 
curie  chloride,  with  more  or  less  mercuric  nitrate,  Hg(NOa)i,  and  awv- 
gen  oxides, 

3  HgsCl,  +  8  HNO,  =  3  HgCI,  +  3  Hg(NO,),  +  4  Hp  +  a  SO 
and  the  action  of  aqua  regia  is  similar.    ' 

3  Hg^Cl,  +  2  HNOfl  4-  6  HCI  =  6  HgCl,  +  4  H,0  +  2  NO 

When  ammonium  hydroxide,  NH,OH,  acts  upon  mercuro-! 
chloride,  Hp^CL,  the  result  is  a  mixture  of  the  double  salt  of  d'"  ' 
mirammonium  chloride  and  ammonium  chloride  and  finely  divided  mr- 
cury,  which  imparls  to  the  mixture  a  black  color. 

3  Hg,Cl,  +  4  N  H^OH  =  NHg^  ■  NH,a  +  2  Hg  +  3  NH4CI  +  4  O;-! 


Hg- 

l 
Hg 
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Mercurous  bromide^  Hg2Brs,  is  a  white  precipitate  formed  by  acting 
upon  a  solution  of  a  mercurous  salt  with  a  soluble  bromide,  or  by  sub- 
liming a  mixture  of  mercury  and  mercuric  bromide. 

Mercurous  iodide ^  Hg^Is,  is  a  green  powder  formed' by  rubbing  together 
iodine  and  an  excess  of  mercury  with  alcohol,  or  by  precipitation  by 
potassium  iodide  from  a  solution  of  mercurous  nitrate.  An  excess  of 
alkali  iodide  tends  to  decompose  it  into  mercuric  iodide  and  mercury. 

^VVhen  sodium  carbonate,  NajCOa,  is  added  to  a  solu- 
C=0  tion  of  mercurous  nitrate,  Hg2(N03)2,  a  yellow  precipi- 
tate of  a  mercurous  carbonate^  contaminated  with  a  basic 
mercurous  nitrate,  is  formed.  After  standing  for  several  days  in  con- 
tact with  an  excess  of  sodium  carbonate,  and  frequent  shaking,  the 
composition  of  the  quickly  washed  precipitate  is  nearly  that  of  the 
neutral  carbonate,  Hg^COs. 

Hg8(NOs)2  -h  Na^COg  =  Hg^COa  +  2  NaNOj 

The  precipitate  tends  to  decompose  slowly,  and  at  130**  is  resolved  into 
mercury,  mercuric  oxide,  and  carbon  dioxide. 

Hg,C03  =  Hg  -h  HgO  +  CO, 

Hydrogen  sulphide,  H^S,  and  other  soluble  sulphides 
produce  in  a  solution  of  mercurous  nitrate,  Hgj(N08)i, 
a  black  precipitate  of  mercuric  sulphide,  HgS,  and  mercury. 

Hg2(N03),  -h  HjS  =  HgS  +  Hg  +  2  HNOa 

_  From  a  solution  of  mercurous  nitrate,  Hg2(N08)2,  a 

J  ^^y^^^r.  ^°^^^^^  chromate,  such  as  potassium  chromate,  K2CrO|, 
Hg— 0  X)  precipitates  a  bright  red  precipitate  of  a  basic  mercurous 
chromate,  approximating  to  the  symbol  HggCraOia. 

4  Hg2(NO,)2  +  3  KjCrO^  =  HggCrAs  +  6  KNO3  +  2  KNO, 

Upon  boiling  this  precipitate  with  suitably  dilute  nitric  acid,  mercurous 
nitrate,  Hg2(N03)2,  is  formed,  and  neutral  mercurous  chromate,  Hg2Cr04, 
remains  as  a  crystalline  powder.  Strong  nitric  acid  decomposes  neutral 
mercurous  chromate. 

IHmerciir-  ^y  ^^^  action  of  ammonia  or  of  ammonium  hydroxide 

anunonium      upon  mercuric  or  mercurous  compounds,  the  dimercurammo- 
DerivatiYes.    ^^/^^  derivatives  may  be  obtained* 
so 
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By  the  action  upon  mercuric  oxide,  HgO,  of  dilute  ammo- 
nium hydroxide,  a  pale  yellow  powder  having  the  composition 
NHgjOH  •  2  HjO  may  be  obtained  which  when  heated  to  80^-85° 
forms  anhydrous  dimercurammonium  hydroxide ^  NHg20H,  as  a  pale 
brown  explosive  powder. 

• 

2  HgO  -h  NH4OH  =  NHgjOH  +  2  H2O 

This,  when  heated  to  100®,  yields  dimercurammonium  oxide j  (NHg2)jO, 
as  a  dark  brown  explosive  powder. 

2(NHg2)OH  =  (NHg2)20  +  H,0 

The  corresponding  dimercurammonium  salts,  such  as  the  double  salts  of 
dimercurammonium  chloride  with  ammonium  chloride,  NHg^Cl  •  NH4CI 
(infusible  white  precipitate),  and  NHgjCl  •  3  NH4CI  (fusible  white  precipi- 
tate), and  the  dimercurammonium  nitrate,  NHg2N03,  have  been  men- 
tioned in  connection  with  the  respective  mercuric  and  mercurous  salts, 
from  which  they  may  be  formed  by  addition  of  ammonium  hydroxide. 

«iMri.         ^^  /«<frr»ry  compounds  may  ail  be  decomposed  by  heating 
tion  of  f^^^  strongly  in  dry  condition  in  intimate  mixture  with  dry 

Mercury  sodium  carbonate.  When,  for  example,  an  intimate  mixture 
of  mercuric  chloride,  HgCljj,  and  sodium  carbonate, 
both  in  dry  condition,  is  heated  strongly  in  a  glass  tube  closed  at  one  end, 
mercury  is  vaporized  and  sublimes  as  a  gray  "  mirror  "  on  the  further  wall 
of  the  tube ;  and  a  similar  sublimate  may  be  formed  by  heating  other 
mercury  compounds  with  sodium  carbonate. 

2  HgCla  +  2  NajjCOa  =  2  Hg  -h  4  NaCl  +  2  CO^  -h  O, 

Replace-  Most  of  the  common  metals,  being  electro -positive  to  mer- 

Mercury  in     ^^^t  '^^^^  replace  mercury  in  solutions  of  its  salts. 
Salts.  A  strip  of  zinc  or  of  cadmium  immersed  in  a  solution 

of  mercuric  chloride,  HgCl2,  of  sufficient  concentration,  will  speedily 
become  covered  with  a  dark  coating  of  finely  divided  mercury,  which 
when  burnished  will  assume  the  characteristic  bright  luster  of  ordinary 

mercury. 

HgCla  -h  Zn  =  ZnCl2  -h  Hg 

HgCl2  +  Cd  =  CdClj  +  Hg 
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Similarly,  the  more  electro- positive  magnesium,  aluminium,  lead,  tin, 
and  iron  may  spontaneously  replace  mercury  from  suitable  solutions  of 
its  salts,  while  mercury  will  itself  replace  from  their  salt  solutions  the 
more  electro-negative  silver,'  gold,  and  platinum. 

Mercuric  oxide  may  be  formed  by  heating  mercury  in  air, 
and  by  heating  certain  mercury  salts,  and  may  be  decomposed 
by  heating  into  oxygen  and  mercury. 

Mercuric  nitrate,  formed  by  the  action  of  an  excess  of  nitric  acid  upon 
mercury,  may  be  decomposed  by  action  of  water,  forming  an  oxynitrate 
or  mercuric  oxide ;  may  be  decomposed  by  heating,  forming  mercuric  oxide^ 
or  mercury ;  and  may  be  reduced  to  mercurous  nitrate  by  the  action  of 
mercury.  Mercuric  sulphate  may  be  formed  by  heating  mercury  with  an 
excess  of  sulphuric  acid.  Mercuric  chloride  may  be  made  by  the  com- 
bination of  mercury  with  chlorine,  by  the  action  of  hydrochloric  acid  upon 
mercuric  oxide,  by  heating  an  alkali  chloride  ivith  mercuric  sulphate  ;  it 
forms  double  compounds  with  mercuric  oxide,  and  with  chlorides  and 
other  salts ;  it  may  be  reduced  to  mercurous  chloride,  and  even  to  metallic 
mercury,  by  the  action  of  mercury,  stannous  chloride,  or  sulphurous  acid. 
Mercuric  bromide  and  mercuric  iodide  may  be  made  by  direct  union  of 
their  elements,  and  in  other  ways.  Mercuric  oxycarbonate,  mercuric 
sulphide,  mercuric  chromate,  and  mercuric  oxide  may  be  precipitated 
from  solutions  of  mercuric  salts  by  suitable  reagents, 

Mercurous  oxide  may  be  precipitated  from  mercurous  nitrate  solution 
by  alkali  hydroxides,  and  upon  heating  decomposes  into  mercuric  oxide 
and  mercury, 

Mercurous  nitrate,  formed  by  the  action  of  nitric  acid  upon  an  excess 
of  mercury,  may  be  decomposed  by  water  with  formation  of  a  basic  nitrate, 
may  be  decomposed  by  heating  with  formation  of  mercuric  oxide  or  mercury, 
and.  may  be  oxidized  by  nitric  acid  to  form  mercuric  nitrate.  Mercurous 
sulphate  may  be  formed  by  heating  an  excess  of  mercury  with  sulphuric 
acid,  or  by  adding  sulphuric  acid  to  a  solution  of  a  mercurous  salt. 
Mercurous  chloride  may  be  formed  by  combination  of  mercury  with 
chlorine,  by  the  reduction  of  mercuric  chloride  by  mercury,  stannous 
chloride,  or  sulphurous  acid,  or  by  the  action  of  soluble  chlorides  upon 
solutions  of  mercurous  salts ;  it  may  be  oxidized  by  nitric  acid  and  aqua 
regia  to  form  mercuric  chloride ;  it  may  be  reduced  to  mercury  by  stan- 
nous chloride  or  sulphurous  acid.     Alercurous  bromide  and  mercurous 
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iodide  may  be  made  by  combination  of  tkeir  elements  and  in  other  ways, 
Mercurous  carbonate  and  mercurous  oxide  may  be  precipitated  from 
solutions  of  mercurous  salts. 

By  the  action  of  ammonia  or  ammonium  hydroxide  upon  mercuric 
oxide,  dimercurammonium  hydroxide  is  formed ^  which,  on  heating,  de- 
composes into  dimercurammonium  oxide  and  water.  Similarly  consti- 
tuted dimercurammonium  salts  may  be  formed  by  the  action  of  ammonium 
hydroxide  upon  mercuric  salts,  and  also  upon  mercurous  salts,  their 
formation  in  the  latter  case  being  accompanied  by  the  separation  of 
mercury  in  fine  division. 

All  mercury  compounds  yield  mercury  when  heated  with  sodium  carbon* 
ate  in  dry  condition.  Zinc,  cadmium,  and  other  more  positix^e  elements 
will  replace  mercury  from  solutions  of  its  salts  ;  while  other  more  negative 
elements  may  be  replaced  by  mercury. 


CHAPTER  XIII 

SEOOITDARY  S£RI£S— GROUP  UI 

Galuum,  Ga,  70 

Indium,  In,  115 

Thallium,  T1,  204.1 

The  three  elements  of  Group  III  of  the  primary  series  are  represented 
by  exceedingly  small  quantities  of  their  compounds  in  certain  rare 
minerals,  and  occur  as  impurities  in  zinc  blendes  and  in  other  common 
ores,  in  which  they  may  be  detected  by  means  of  the  characteristic  lines 
which  they  give  in  the  spectroscope.  Gallium  is  found  not  only  in  zinc 
ores,  but  also  in  many  ores  of  iron,  aluminium,  and  manganese ;  indium 
is  also  present  in  ores  of  zinc,  iron,  manganese,  and  tin ;  while  thallium 
occurs  in  ores  of  zinc,  copper,  and  iron,  and  has  been  noted  as  a  con- 
stituent of  certain  mineral  waters  containing  also  rare  alkali  salts.  Com- 
pounds of  these  elements  sometimes  occur  in  the  flue  dust  from  furnaces 
in  which'  pyrite  has  been  roasted.  The-  three  elements  of  the  group 
exhibit  characteristic  line  spectra  when  vaporized  before  the  spectro- 
scope. Gallium  chloride  gives  a  spark  spectrum  of  two  violet  lines. 
Indium  salts  give  a  flame  spectrum  of  one  intense  indigo  blue  line,  and 
one  violet  line,  and  impart  a  violet  color  to  flame. 

It  was  by  means  of  the  spectroscope  that  all  three  of  these  rare 
elements  were  discovered  :  gallium  by  Lecoq  de  Boisbaudran,  in  1875,  in 
a  zinc  blende  from  the  Pyrenees ;  indium,  by  Reich  and  Richter,  in  1863  ; 
and  thallium  by  Crookes,  in  1861,  both  from  ores  in  the  Hartz  Mountains. 
The  existence  of  gallium  had  been  predicted  by  Mendel6eff*in  1869  from 
the  relations  disclosed  by  the  periodic  system,  and  the  properties  of  the 
element,  called  by  Mendel^eff"  eka-aluminium^  were  foretold. 

Gallium,  indium,  and  thallium,  and  their  oxides  and  hydroxides  as 
well,  are  generally  acted  upon  by  strong  acids  with  formation  of  salts  in 
which  these  elements  are  electro-positive.  We  therefore  recognize  the 
hydroxides  of  these  elements  as  weak  bases,  and  the  elements  and  their 
oxides  as  base-forming  elements  and  oxides.  Gallium  hydroxide  and 
indium  hydrokide  may  also  interact  with  strong  basic  hydroxides,  but 
the  thallium  hydroxide  shows  no  tendency  to  form  salts  in  which  the 
element  is  electro-negative.  All  three  elements  show  more  than  one 
valence. 
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one  another  in  most  properties,  and  possessed  of  specific  gravities  and 
melting  points  which  vary  in  the  order  of  their  atomic  weights,  are 
extracted  from  their  ores  by  special  processes  involving  the  careful 
separation  of  elements. 

Gallium  is  best  obtained  directly  from  certain  siiu  blendes,  the  min- 
erals in  which  it  most  commonly  occurs.  The  gallium-bearing  mineral 
is  treated  with  aqua  regia,  and  to  the  cold  solution,  freed  from  the  ejLLtH 
of  acid  by  boiling,  zinc  is  added  to  precipitate  compounds  of  manv 
other  elements  associated  with  the  gallium  in  the  mineral.  The  filtr^re 
from  the  compounds  thus  precipitated  throws  down  upon  long  boiling  >^th 
zinc  a  basic  salt  of  gallium,  associated  with  salts  of  aluminium,  iron,  and 
zinc.  The  impure  basic  salt  of  gallium  is  treated  with  hydrochloric  acul. 
to  the  resulting  solution  hydrogen  sulphide  is  added,  the  excess  of  thu 
reagent  is  boiled  out,  and  sodium  carbonate  is  added  fraclionally  so  lon^ 
as  the  test  of  the  solution  by  the  spark  spectrum  shows  the  two  violet 
lines  characteristic  of  gallium  compounds.  The  successive  precipitaic* 
are  united  and  treated  with  sulphuric  acid,  and  from  the  resulting  suit: 
tion,  largely  diluted,  basic  gallium  sulphate  is  precipitated  by  boilin;. 
filtered  off,  and  again  treated  with  sulphuric  acid.  Potassium  hydro^ui; 
in  excess  is  now  added,  and  after  the  separation  of  ferric  hydroxide,  cjt- 
bon  dioxide  precipitates  gallium  hydroxide,  which  forms  with  potaKitun 
hydroxide  a  solution  from  which  gallium  may  be  obtained  by  electrolysis. 

Gallium,  a  lustrous  gray  metal  of  specific  gravity  5.9,  melting  at  30', 
oxidizing  superficially  when  heated  to  high  temperatures  in  the  air,  is 
acted  upon  by  hydrochloric  acid  and  by  warm  nitric  acid,  and  by  stni"i; 
basic  hydroxides.  Among  the  characteristic  gallium  compoumis  in  whi. : 
gallium  is  generally  trivalent  but  sometimes  divalent,  may  be  ineotione'i 
gallium  sulphate,  Ga,(S0,)3;  gallium  nitrate,  Ga(NOj)j,  formed  by  tl.c 
action  upon  gallium  residues  of  sulphuric  acid  and  nitric  acid  respec- 
tively ;  the  gallium  chlorides,  GaClj  and  GaClj,  formed  by  the  action  of 
chlorine  or  hydrochloric  acid  upon  gallium ;  gallium  hydroxide,  (GaOH  s 
formed  as  a  precipitate  by  the  action  of  soluble  hydroxides  upon  solu- 
tions of  gallium  sails;  gallium  trioxide,  GajOj,  formed  by  heating  x\\f 
nitrate  or  the  hydroxide ;  and  gallium  monoxide,  GaO,  said  to  be  formfd 
by  reducing  gallium  triuxide.  Gallium  sulphate  forms  with  anamomum 
sulphate  a  double  compound,  NHjGa(SO<),  •  la  HjO,  which  may  be 
classed  with  the  alums.  The  gallium  compounds  are  to  some  extent 
hydrolyzed  in  dilute  solutions,  forming  insoluble  basic  compounds. 

In  extracting  iudium  from  certain  zinc  blendes  it  is  best  to  proceed 
with  the  reduction  of  the  zinc  by  the  usual  metallurgical  processes,  and 
then  to  treat  the  cnide  zinc  to  get  the  indium.  When  the  reduced  liro 
is  nearly  all  acted  u])on  by  the  hydrochloric  acid  or  nitric  acid,  the  indium 
remains  in  the  residue  of  zinc  still  unacted  upon,  with  many  impurities. 
This  residue,  after  washing  with  water  and  dilute  sulphuric  acid,  is  treated 
with  nitric  acid,  and  the  solution  is  evaporated  with  sulphuric  acid  dduI 
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the  nitric  acid  is  expelled,  and  diluted  to  allow  the  lead  compound  to 
precipitate.  From  the  remaining  solutions  a  precipitate  of  indium  hy- 
droxide, contaminated  with  ferric  hydroxide,  is  obtained  by  the  action 
of  ammonium  hydroxide,  and  this  precipitate  is  treated  with  hydrochloric 
acid,  forming  a  solution  which  when  boiled  with  an  excess  of  sodium 
sulphite  deposits  basic  indium  sulphite.  This  basic  salt  upon  ignition 
yields  indium  oxide,  and  this,  when  reduced  by  hydrogen  or  sodium, 
yields  indium. 

Indium  is  a  soft  white  metal,  of  specific  gravity  7.42,  melting  at 
176**,  burning  readily  with  a  violet  flame  when  strongly  heated,  acted 
upon  by  hydrochloric  acid,  nitric  acid,  and  sulphuric  acid.  The  indium 
compounds  are  for  the  most  part  analogous  in  their  composition  and 
modes  of  formation  to  the  corresponding  compounds  of  gallium.  In 
them  indium  is  generally  trivalent,  although  in  certain  compounds 
it  is  divalent  or  univalent.  Among  the  indium  compounds  are  indium 
sulphate,  In2(S04)s ;  indium  nitrate,  2  In(N03)3  •  9  HjO ;  the  indium 
chlorides,  InClg,  InCl^,  and  InCl ;  indium  hydroxide,  In(0H)8 ;  the 
indium  oxides,  In^Os,  and  InO ;  and  the  alums,  KIn(S04)2  •  1 2  H^O, 
and  NH4ln(S04)2  •  12  H^O.  In  addition  to  these  we  may  note  indium 
sulphide,  IngSg,  precipitated  by  the  addition  of  hydrogen  sulphide  to  solu- 
tions of  indium  salts,  and  acted  upon  by  soluble  sulphides  to  form  sulpho- 
salts,  such  as  KlnSj. 

From  the  minerals  containing  thallium  the  element  is  prepared  by 
treating  with  aqua  regia,  evaporating  after  addition  of  sulphuric  acid 
until  the  free  acid  is  removed,  diluting,  neutralizing  with  sodium  carbon- 
ate, and  adding  potassium  cyanide.  Lead  and  bismuth  compounds  are 
thus  precipitated,  leaving  a  solution  from  which  thallium  sulphide  may 
be  precipitated,  possibly  in  company  with  cadmium  sulphide  and  mer- 
cury sulphide.  From  the  thallous  sulphide  by  action  of  sulphuric  acid 
thallous  sulphate  is  formed,  from  which  the  metal  may  be  deposited  by 
the  action  of  zinc  or  the  electric  current.  When  flue  dust  is  the  original 
material,  it  is  boiled  with  water,  and  from  the  resulting  solution  thallous 
chloride  is  precipitated  by  hydrochloric  acid.  The  crude  thallous 
chloride  thus  obtained  may  be  purified  by  a  process  of  treatment  in- 
volving the  addition  of  sulphuric  acid,  heating  until  all  hydrochloric 
acid  and  the  greater  part  of  the  sulphuric  acid  is  expelled,  dilution  with 
water,  precipitation  of  insoluble  compounds  from  the  solution  by  calcium 
carbonate,  filtration,  and  final  precipitation  by  hydrochloric  acid.  From 
the  thallous  chloride  the  thallium  may  be  got  by  flision  with  sodium 
carbonate  and  potassium  cyanide  ;  or  the  chloride  may  be  changed  into 
the  sulphate,  the  water  solution  of  which  may  be  acted  upon  by  zinc  or 
electrolyzed. 

Thallium  is  a  whitish  or  gray  metal,  with  dull  luster,  soft  and  malleable, 
of  specific  gravity  11.8,  melting  at  290°,  oxidizing  readily  at  high 
temp>eratures,  and  at  ordinary  temperature  in  moist  air.  It  is  acted 
upon  by  sulphuric  acid  and  nitric  acid,  but  hydrochloric  acid  acts  only 


408  OUTLINES  OF  INORGANIC  CHEMISTRY 

superficially,  forming  the  insoluble  thallous  chloride.  There  are  two 
well-defined  series  o( thallium  compounds ,  in  one  of  which  it  is  univalent, 
while  in  the  others  it  is  trivalent.  The  compounds  of  the  element  in  its 
lower  condition  of  valence  are  ordinarily  the  more  stable.  When  thal- 
lium is  burned  in  oxygen,  thallium  trioxide^  TLOs,  is  formed,  which  at 
red  heat  loses  oxygen  and  becomes  thallium  monoxide^  TIO.  The 
monoxide,  formed  also  by  the  action  of  air  upon  thallium  at  ordinary 
temperature,  combines  with  water  to  form  thallous  hydroxide^  Tl(OH)j. 

Of  the  thallous  salts  which  correspond  in  composition  to  thallium 
monoxide  and  thallous  hydroxide  we  note  the  sulphates^  TI2SO4,  and 
TIHSO4,  formed  by  the  action  of  sulphuric  acid  upon  thallium  or  thallous 
oxide ;  thallium  nitrate^  TINO3,  formed  by  the  action  of  nitric  acid  upon 
thallium  ;  thallium  chloride ^TlOXy  formed  when  thallium  bums  in  chlorine, 
or  when  hydrochloric  acid  acts  upon  a  thallous  salt ;  and  thallium  sul- 
phidey  TljS,  precipitated  by  hydrogen  sulphide  from  solutions  of  thallous 
salts.  Several  alums,  such  as  TlAl(S04)2  •  1 2  H^O,  are  known,  as  is  also 
the  insoluble  thallium  chlorplatinatCy  TljPtClfl. 

Of  the  thallic  salts ,  corresponding  to  thallium  trioxide,  TljO,,,  and  thcUlic 
hydroxide,  Tl(0H)3,  which  when  dried  has  the  composition  (TIO) OH, 
we  may  mention  thallium  sulphate,  'YVii^O^^,  and  thallium  nitrate, 
T1(N08)8  •  4  H.jO,  formed  by  acting  upon  thallium  trioxide  with  sul- 
phuric acid  and  nitric  acid  respectively ;  thallium  chloride^  TClj,  formed 
by  the  action  of  chlorine  upon  thallous  chloride  ;  and  thallium  sulphide, 
TljSa,  formed  by  heating  thallium  with  sulphur.  The  thallic  salts  are 
unstable  and  may  be  acted  upon  by  water  with  precipitation  of  oxy-cofla- 
pounds.  Thallous  compounds  may  be  oxidized  to  thallic  compounds  by 
oxidizing  agents,  and  the  thallic  compounds  may  be  reduced  to  thallous 
compounds  by  reducing  agents. 


CHAPTER  XIV 

SECONDARY  SERIES  — GROUP  lY 

Germanium,  Ge,  72.5 

Tin,  Sn,  119.0 

Lead,  Pb,  206.9 

• 

The  elements  of  Group  IV  of  the  secondary  series,  ger- 
manium, tin,  and  lead,  are  gray  or  white  lustrous  metals, 
fusible  and  volatile  at  high  temperatures,  malleable,  having  high  specific 
gravities  which  increase  as  the  atomic  weights  increase.  All  three  ele- 
ments are  practically  unaffected  •by  air  or  water.  Tin  and  lead  may  be 
melted  and  cast  in  molds,  and  will  combine  readily  with  other  metals 
to  form  useful  alloys.  Germanium  is  a  rare  element,  being  found  only 
in  small  proportions  in  a  few  rare  minerals;  while  tin  and  lead  are 
found  widely  distributed  in  the  earth  as  constituents  of  a  few  important 
minerals,  from  which,  since  very  early  times,  these  elements  have  been 
obtained  for  commercial  purposes. 

Germanium  was  discovered  in  1886  by  Winkler,  in  the  rare  mineral 
argyroditey  4  AgjS  •  GeSj,  from  which  by  suitable  treatment  the  element 
may  be  prepared. 

Chenlcal  Germanium,  tin,  and  lead,  although  usually  electro-posi- 

Relations.  tive,  in  their  formation  of  salts  are  both  base-forming  and 
acid-forming.  Both  tin  and  lead,  and  their  oxides  and  hydroxides, 
are  attacked  by  strong  acids  and  by  strong  bases,  the  strong  acids 
forming  well-characterized  salts,  such  as  sulphates  and  nitrates,  in  which 
tin  and  lead  are  positive  ions ;  while  the  strong  bases  form  compounds, 
such  as  well-known  stannatcs  and  certain  plumbates^  in  which  these 
elements  are.  in  the  negative  ions.  Germanium  shows  similar  basic  and 
acidic  relations  in  its  compounds.  All  three  elements  of  the  group  form 
chlorides,  sulphides,  and  similar  binary  compounds  by  direct  combina- 
tioD  of  the  eHements. 
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more  oxi'Ics,  Tin  forms  two  classes  of  salts,  the  jWec;; 
sa/ts  and  the  stannous  salts,  corresponding  respectively  to  its  two  oiidt^ 
and  differing  from  one  another  in  the  proportions  in  which  tin  ecien 
into  their  composition.  Two  similar  classes  of  germanium  salts  are 
known,  while  the  more  common  lead  salts  correspond  to  the  lower  leai 
oxide.  The  compounds  of  germanium,  tin,  and  lead  are  genetailv 
stable,  many  of  them  being  insoluble ;  a  few  are  hydrolyzed  by  water. 
Since  the  salts  of  these  elements  are  not  generally  volatile,  their  com- 
position is  for  the  most  part  represented  by  symbols  similar  to  those  of 
known  volatile  compounds,  in  which  the  prevailing  valence  of  these  efe- 
ments  is  IV  or  II. 

Tin  occurs  principally  in  the  mineral  cassileriu,  SnOiiir. 
5  found  disseminated  or  in  masses  in  gianit; 
rocks,  or  in  gravels  formed  by  the  disintegration  of  granite  by  nmniis 
water.  In  some  regions  the  tin  ores  or  gravels  also  contain  gold,  whilt 
in  other  places  the  tin  is  associated  with  the  minerals  of  copper,  iint, 
and  lead.  In  the  United  States  the  deposits  of  tin  ores  have  not  beer. 
found  sufficient  to  pay  for  mining  them  entensively.  The  world's  chiti 
supply  of  tin  now  comes  from  the  Malay  Peninsula  and  from  Cornwall 
in  England,  the  latter  mines  being  the  oldest  and  most  extensive  in  t.c 
world.     Tin  is  also  mined  in  Germany  and  Austria. 

Small  amounts  of  lead  are  found  free  in  volcanic  rocb 
Lead  Ot«s.  .  .  ,  r  i      • 

and  jn  certain  ores,  and  traces  of  lead  are  present  id  ^i 

water  and  in   sea    plants.      The  world's   supply  of  lead,   however,  is 

obtained  from  ores  in  which  the  lead  minerals  are  associated  with  thoM 

of  zinc,  and  frequently  with  silver  and  gold.     The  most  important  leiii 

minerals  are  the  gray  lustrous  gaknite,  PbS  (galena),  found  usually  i:^ 

deep  ores  which  have  never  been  exposed,  and  the  lighter  colored  cc^i- 

siie,  PbCO.i,  and  anglesite,  PbSO,,  found  often  in  surface  ores  which  hjve 

been  weathered.     Pyromorphitf,  3  Pb5{PO,);  ■  PbCl^  colored  more  or 

less  by  impurities,  occurs  in  many  localities.     The  argentiferous,  or  siiva- 

containing,  lead  ores  are  usually  found  in  the  older  stratified  rocks,  as  ii 

the  Cordilleras  in  the  United  States,  while  the  no ti- argentiferous  ore* 

occur  in  the  stratified  rocks,  such  as  the  limestones  of  Missouri.    T::e 

more  important  lead  mines  of  the  United  States  are  those  of  Colond-'. 

Utah,  and  Idaho. 

Tin  and  lead  are  reduced  from  their  ores  by  simple  metallurgical  pn.^- 


SECONDARY  SERIES  — GROUP   IV  —  GERMANIUM        411 

cesses,  the  former  by  reduction  of  the  oxide  by  carbon,  and  the  latter 
similarly  or  by  regulated  washing  of  the  sulphide  in  air.  Both  of  these 
metals,  because  of  their  stability  in  air  and  water,  and  their  malleability, 
are  useful  in  pure  condition  and  in  alloys. 

Germanium,  Ge,  72.5 

Germanium  was  discovered  by  Winkler  in  1886,  and  fills  in  the  periodic 
scheme  the  vacancy  for  which  Mendel^eff  predicted  that  an  element 
which  he  named  eka-silicon  would  be  found.  It  is  found  chiefly  in  the 
very  rare  mineral  argyrodite^  4Ag2S-GeS2,  and  is  likewise  present  in 
small  amounts  in  some  other  rare  minerals.  When  heated  to  redness 
in  hydrogen,  argyrodite  yields  a  sublimate  of  impure  germanous  sul- 
phidcy  GeS,  which,  when  purified  by  acting  upon  it  with  ammonium 
sulphide  and  reprecipitating  it  with  hydrochloric  acid,  may  be  converted 
to  germanium  dioxide ^  GeOg,  by  treatment  with  nitric  acid  and 
evaporation  of  this  mixture  to  dryness.  By  heating  germanium  dioxide 
in  a  current  of  hydrogen,  germanium  may  be  obtained. 

Germanium  is  a  grayish  white  metal,  of  specific  gravity  5.469,  melt- 
ing at  900**,  volatilizing  somewhat  in  hydrogen  at  1350°,  unaffected  by 
the  air  at  ordinary  temperatures,  oxidizing  in  air  at  red  heat  to  ger- 
manium dioxide,  GeOj,  not  attacked  by  hydrochloric  acid,  converted 
by  nitric  acid  to  a  hydrated  derivative  of  germanium  dioxide,  Ge02. 
Germanium  forms  two  series  of  compounds,  in  one  of  which  it  appears 
as  a  bivalent  positive  ion,  while  in  the  other  it  is  quadrivalent,  and  posi- 
tive or  negative  according  to  its  association. 

Representative  oi germanous  compounds  are  germanous  chloride^  GeCl2, 
obtained  in  impure  anhydrous  condition  by  the  action  of  hydrogen 
chloride  upon  heated  germanous  sulphide,  and  in  solution  by  action  of 
concentrated  hydrochloric  acid  upon  germanous  sulphide ;  yellow  ger- 
manous hydroxide^  Ge(0H)2,  obtained  when  germanous  chloride  in  solu- 
tion is  acted  upon  by  an  alkali  hydroxide  ;  steel-gray  germanous  oxide^ 
GeO,  formed  by  heating  germanous  hydroxide ;  and  germanous  sulphide^ 
GeS,  obtained  as  a  reddish  brown  precipitate  by  the  action  of  hydrogen 
sulphide  upon  the  solution  of  germanous  chloride,  or  as  gray-black  crys- 
tals when  sublimed  in  hydrogen. 

Representative  germanic  compounds  are  germanic  chloride^  GeCl4,  in 
which  germanium  is  the  positive  ion,  a  colorless  fuming  liquid  at  86°, 
hydrolyzed  by  water,  and  of  vapor  density  corresponding  to  the  symbol ; 
germanic  hydroxide^  Ge(0H)4,  or  a  derivative  by  dehydration,  produced 
by  hydrolysis  of  germanic  chloride,  nearly  insoluble,  generally  acidic  in 
character,  being  easily  attacked  by  alkali  hydroxides  in  solution  and  by 
alkali  carbonates  in  fusion  ;  white,  slightly  soluble  gertnanium  dioxide , 
GeOa,  produced  by  heating  germanic  hydroxide,  by  roasting  the  metal 


germanie  sulphiiie,  GeS),  white  and  voluininouG,  formed  whea  soiutkua 
of  germanie  sulphosatts,  made  by  fusion  of  gernoamum  compouads  n'Ji 
sulphur  and  alkali  carbonates,  are  acidulated. 


Tin,  Sn,  119-0 

When  eassiUriu,  SnOj,  is  strongly  heated  with  caiboc 
"^i^fia-  under  suitable  cooditioos,  a  residue  of  tin  ia  produced,  car- 
bon dioxide'  escaping. 

SnO,  +  C  =  Sn  +  CO, 

In  the  mttallurgy  of  tin,  the  tin  ores,  consisting  of  eassOerile  togetba 
with  oxides,  arsenides,  and  sulphides  of  other  elements,  are  first  roHted 
to  remove  sulphur  and  arsenic,  and  are  then  heated  with  cailxiD  in  1 
fiimace  from  which  the  molten  tin  is  drawn  olTand  cast  into  bars,  which 
may  be  further  purified  by  remelting,  the  pure  tin  being  allowed  to  rii: 
away  from  the  residues  of  other  metals. 

PnpertleB  Tin  is  a  white  metal  of  tine  crystalline  stmctare,  of  speciDc 

Bf  TlB.  gravity  7.3,  ordinarily  soft  and  malleable  and  very  dacti>. 

but  at  200°  becoming  brittle,  while  at  231°  it  melts,  and  at  red  heat  fonci 
a  vapor.  By  etching  the  surface  of  tin,  its  crystalline  structure  is  reveaid 
by  the  appearance  of  striations,  while  when  a  bar  of  tin  is  bent, »  pecuLiu 
crackling  sound  (tin  cry)  is  produced,  which  may  be  due  to  the  fricti-x 
of  the  crystals  upon  one  another.  Tin,  when  exposed  to  low  tempera- 
tures, or  when  undisturbed  for  a  long  time,  changes  spontaneously  ic:: 
gray  fin,  a  grayish  powder  of  specific  gravity  5.8.  Tin  which  has  \xa. 
rolled  into  very  thin  sheets  is  known  as  tin  foil. 

Tin  is  not  acted  upon  by  air  or  water  at  ordinary  temperatnm 
When  heated  in  air  above  its  melting  point,  it  becomes  covered  witi!  1 
white  fihn  of  stannic  oxide,  and  at  white  heat  it  bums  with  a  brillus; 
white  light,  forming  white  clouds  of  oxide.  Tin  is  not  acted  upcui  Vy 
water  at  ordinary  temperatures,  but  at  red  heat  tin  decomposes  rtoir 
with  evolution  of  hydrogen.  Hydrochtoric  acid  acts  upon  tin  with  ev\-^ 
lution  of  hydrogen  and  the  formation  of  stannous  chloride,  while  strct: 
sulphuric  acid  forms  stannous  sulphate  with  sulphur  dioxide  and  sulphcr. 
Dilute  nitric  acid  acts  upon  tin  to  form  a  tin  nitrate,  while  c<»>centrateil 
nitric  acid  forms  stannic  nitrate  or  stannic  hydroxide.    Tin  is  attack^} 
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by  strongly  basic  hydroxides,  with  formation  of  salts,  and  at  high  tem- 
peratures with  evolution  of  hydrogen.  Tin  forms  alloys  with  antimony, 
bismuth,  copper,  mercury,  lead,  and  other  metals,  and  combines  di- 
rectly with  sulphur,  chlorine,  and  other  negative  elements. 

On  account  of  the  difficulty  with  which  it  is  attacked  by 
other  substances,  tin  is  used  as  a  protective  covering  on 
other  metals,  as  in  the  case  of  the  common  tin  plate^  made  by  dipping 
sheet  iron  into  molten  tin.  The  most  important  tin  alloys  are  the  seft 
solders  and  the  pewters^  containing  tin  and  lead  in  varying  proportions ; 
Britannia  f(ietai,  consisting  of  tin  and  antimony  together  with  small 
amounts  of  other  elements ;  fusible  metals^  consisting  of  tin,  bismuth,  and 
sometimes  lead  and  cadmium.  The  bronzes  and  the  amalgams  of  tin 
have  been  mendoned  under  copper  and  mercury  respectively. 
Oxides  and  '^iu  forms  two  oxides  :  stannic  oxide^  SnOj,  and  stannous 
8»l<»-  oxide^  SnO.     Corresponding  to  stannic  oxide,  we  have  a  few 

unstable  stannic  salts  and  the  more  stable  stannic  hydroxides^  which  act 
like  weak  acids  in  forming  stannates,  salts  in  which  tin  is  negative. 
Corresponding  to  stannous  oxide  we  have  similarly  stannous  salts,  weakly 
acidic  stannous  hydroxides,  and  stannites. 

We  shall  study  first  the  stannic  salts  and  stannous  salts. 
Stannous  ^^  which  tin  plays  the  part  of  the  positive  ion,  and  which 
Salts.  may  be  formed  by  acting  upon  tin  with  suitable  reagents. 

When  tin  is  acted  upon  by  dilute  nitric  acid  of  suitable 

y/^-S^  strength,  stannic  nitrate,  Sn(N03)4,  is  formed  as  a  white 

\X0— NO2  powder,  soluble  in  water,  and  easily  hydrolyzed,  with  forma- 

\o— HOa  tion  of  a  stannic  hydroxide,  the  composition  of  which  de- 
pends upon  the  conditions.     If  sufficiently  dilute  nitric  acid  acts  upon 

y/0— HOa  tin,  the  readily  hydrolyzed  stannous  nitrate,  Sn(N08)2,  may 

\0— 1IO2  be  formed.  In  either  case  ammonium  nitrate  may  be  formed 
along  with  the  stannic  nitrate  or  the  stannous  nitrate. 

^v  x^  By  the  action  upon  tin  of  hot  concentrated  sulphuric 
-jJVOx^^O  acid,  stannic  sulphate^  Sn (804)2,  may  be  formed,  which 
NNP\g^  may  be  obtained  from  the  solution  in  the  crystallized  form 

^0/^0  sn(s04)2-  2  H2O  and  as  the  oxysalt,  SnA(S04)2-  2  H2O, 
both  of  which  are  hydrolyzed  by  water.  The  formation  of  stannic  sul- 
phate is  accompanied  by  formation  of  sulphur  dioxide  and  sulphur. 
Stannic  sulphate  may  also  be  formed  as  precipitate  by  adding  sulphuric 
add  to  a  dilute  solution  of  stannic  chloride. 


^o\   -^       When  sulphuric  acid  of  suitable  dilution  acts  upon  tin. 
\0/   \o  the  readily  hydrolyzed  stannous  sulphate,  SnSO^  is  fonuevl. 
hydrogen  being  evolved. 

^j  When  chlorine  is  passed  into  molten  tin,  heat  and  liert   ' 

//Cl  are  evolved,  and  stannic  chloride,  SnCl„  is   formed  ai  a 

\\CI  colorless,  strongly  fuming  liquid  of  specific   gravity  i.;;.   1 

solidifying  at  —33°  and  boiling  at  114°,  formiDg  a  y^yzt   i 

of  specific  gravity  corresponding  to  the  symbol  given,  -  j 

Sn  +  2  Clj  =  SnCL  1 

I 
Stannic  chloride  attracts  water  irom  the  air,  forming  a  crystal;::!' 
hydrate,  SnCl,  ■  3  HjO,  soluble  in  water.  From  the  water  soiution  of 
stannic  chloride  this  hydrate,  as  well  as  those  having  the  composidLT 
SnCl,  ■  5  HjO  and  SnCU  ■  8  HjO,  may  be  crystallized,  while  on  boilinji 
the  solution,  or  on  allowing  very  dilute  solution  to  stand,  staonic  hydriw- 
tdes  are  precipitated. 

Stannic  chloride  combines  with  hydrochloric  acid,  with  fonnatio' 
of  SnCl,  - 1  HCl  ■  6  HjO  which  may  be  regarded  as  chlorslartnic  a.. J 
HjSnClj  -  6  HjO,  Stannic  chloride  combines  with  other  chlorides  to  for:, 
such  compounds  as  SnCl,  •  2  KCI  or  KtSnClf,  which  may  be  regaidcJ 
as  chhrstannates.  The  compound  SnCl,  ■  2  NH,CI,  or  (NH,>^Cli  i 
the  so-called  "  pink  salt "  used  as  a  mordant  in  dyeing.  Other  doub^; 
salts,  such  as  SnCl,  ■  PClj  and  SnCl,  •  2  SC1„  are  also  formed. 

When  tin  is  heated  in  dry  hydrochloric  acid  gas,  wh^t; 
crystalline  stannous  chloride,  SnCl,,  is  formed,  which  is  sol-j'.!.; 
in  water,  and  melts  at  250°.  At  606°  stannous  chloride  forms  a  va->i: 
which  at  900°  has  the  specific  gravity  corresponding  to  the  molec!!.- 
symbol  given.  At  a  lower  temperature  the  molecule  SntCl^  appean 
likewise  to  exist, 

Sn  +  2  HCl  =  SnCl,  +  H, 

By  the  action  of  concentrated  hydrochloric  acid  upon  tin,  a  soluor". 
is  formed  from  which  may  be  obtained  crystals  of  the  compos::  o'. 
SnClj  -  2  H;0,     This  hydrate  is  the  "  tin  salt  "  used  as  a  mtwdant 

When  the  dilute  solution  of  stannous  chloride  is  allowed  to  stai^i  i' 
becomes  turbid  on  account  of  the  formation  of  the  insoluble  basic  ^''' 
Su(OH)Cl,  and  the  same  salt  may  be  formed  along  with  stannic  chlor.i: 
when  stannous  chloride  solution  remains  in  contact  with  air. 


"*<a 
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When  crystallized  stannous  chloride  is  heated,  stannous  oxide,  SnO, 
and  hydrochloric  acid  are  formed. 

SnClj  +  H2O  =  SnO  +  2  HCl 

Stannous  chloride  combines  with  many  other  chlorides  to  form  double 

chlorides  such  as  SnClj  •  2  KCl  and  2  N  H4CI  •  SnClj. 

Stannous  chloride  combines  readily  with  free  chlorine  to  form 

stannic  chloride,  SnCL, 

SnClj  -h  Cla  =  SnCU 

and  it  will  remove  the  chlorine  from  many  other  chlorides,  such  as 

mercuric  chloride,  HgCl2,  in  water  solution,  and  is  therefore  useful  as 

a  reducing  agent 

2  HgClj  4-  SnClj  =  SnCl^  +  HgjCl, 

HgClj  -h  SnClj  =  SnCl4  -f  Hg 

Stannous  chloride  is  formed  in  solution  from  stannic  chloride  by 
the  action  of  nascent  hydrogen  or  of  certa'.n  metals. 

SnCl4  +  H,  =  SnCl,  -f  2  HCl 
SnCl4  -h  Mg  =  SnClj  +  MgClj 

Similar  to  the  chlorides  of  tin  we  hdiW^  fluorides y  bromides,  and  iodides, 
and  double  fluorides  of  tin  and  other  elements,  such  as  SnF4  •  2  KF,  or 
KjSnFe,  known  2&  fluostannates, 

^^  The  sulphides  of  tin  may  be  formed  as  precipitates  by  acting 

Sulphides.       upon  solutions  of  tin  salts  tvith  soluble  sulphides. 

<'S  When  to  a  solution  of  stannic  chloride,  SnCl4,  hydro- 

S  gen   sulphide   is  added,  a   precipitate  of  yellow  stannic 

sulphide^  SnS2,  is  obtained,  which  may  be  acted  upon  by  concentrated 

hydrochloric  acid. 
^  SnCl4  +  2  H2S  =  SnS.  +  4  HCl 

Ammonium  sulphide,  (NH4)2S,  added  in  proper  amount,  pre- 
cipitates stannic  sulphide  from  solutions  of  stannic  salts, 

SnCl4  -h  2  (NH4),S  =  SnSjj  4-  4  NH4CI 

and  the  precipitate  is  acted  upon  by  an  excess  of  the  reagent  with  for- 
mation of  soluble  ammonium  sulphostannate,  (NH4)2SnS3. 

SnSa  4-  (NH4)2S  =  (NH4)sSnS, 


Acias  wiJi  act  upon  tnis  solution  v/na  lonnation  ot  nyarogen  snipoiae 
and  precipitation  of  stannic  sulphide.  Sodium  sulphide,  NajS,  inii 
potassium  sulphide,  KfS,  will  similarly  act  upon  stannic  sulphide  to 
form  sulphostan  nates. 

Stannic  sulphide,  SnS:  (tin  disulphide),  when  precipitated,  is  an 
amorphous  yellow  powder.  It  may  be  formed  as  a  bright  yelb<r 
crystalline  mass  by  heating  a  mixture  of  finely  divided  tin,  sulphur, 
and  ammonium  chloride,  and  when  thus  prepared  is  used  in  bronzing 
under  the  name  "mosaic  gold."  By  the  action  of  ammonium  sti- 
phide  or  alkali  sulphides  upon  stannic  sulphide  sulphostannaUs  may  be 
formed.  Sodium  sulphostannaU  forms  crystals  of  the  composition 
NagSnSs  ■  aHjO,  The  sulphostan  nates  are  acted  upon  by  acids,  wiih 
precipitation  of  stannic  sulphide  and  evolution  of  hydrogen  sulphide. 

When  hydrogen  sulphide,  H^  or  ammooiura  sul- 

~  phide,   (NH,)^,   is  added  to  a  solution   of   stannoas 

chloride,  SnCli,  a  precipitate  is  obtained  of  dark  brown  stamneus 
sulphide,  SnS,  which  may  be  acted  upon  by  concentrated  hydrochloric 
^-^i^^-  SnCI,  +  HjS  =  SnS  +  a  HCl 

Stannous  sulphide  is  not  acted  upon  by  ammonium  sulphide  alone. 
but  in  the  presence  of  free  sulphur  ammonium  sulphide  converts  it  inic 
soluble  ammonium  sulphostannate,  {NH4)^nSs,  which  is  acted  upon  b* 
acids  in  the  manner  shown.  Sodium  sulphide,  NajS,  and  potassiam  sol- 
phide,  K^,  do  not  act  upon  stannous  sulphide,  but  alkali  persulphid«« 
convert  it  into  the  corresponding  sulphostannates. 

Stannous  sulphide,  SnS  (tin  mono  sulphide),  when  precipitated,  is  ui 
amorphous  dark  brown  powder.  When  formed  by  direct  combinaliio 
of  tin  and  sulphur,  as  when  tin  foil  ignites  spontaneously  in  snlphar 
vapor,  it  forms  a  gray  crystalline  mass.  It  combines  with  sulphur  to 
form  stannic  sulphide,  and  it  is  acted  upon  by  solutions  of  sulphides 
containing  free  sulphur,  and  by  solutions  of  persulphides,  with  fonni- 
tion  oi  sulpkostannaies, 

o-stannlc  By  the  action  of  suitable  reagents  upon  stannic  saits,  Ai 

Sd'a-sun-  «--f'o"'"*'  hydroxides  or  a-stannic  acids  may  be  formed. 

nicAcidB.  When  to  a  solution  of  stannic  chloride,  SnCU,  sodium 

ff-(K  hydroxide  is  added  in  suitable  proportion,  a  iriiite  pre- 

2~g>8ii  cipitate  is  formed  which  may  contain  the  normal  a.~stamnu 

■"— o/  hydroxide,  Sn(OH)„  but  which  yields  upon  analysis  a-stan- 
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s^O  ^  «,n^^  ^^^y^^'fx^^i  SnO(OH)g,  known  more  commonly  as 
^"-^         a-stannic  acid,  HsSnOf 

SnCU  -h  4  NaOH  =  Sn(0H)4  4-  4  NaCl 

SnCU  -h  4  NaOH  =  SnO(OH)8  -h  HjG  -h  4  NaCl 

• 

The  a-stannic  acid  may  also  be  obtained  as  a  precipitate  by  acting 

upon  stannic  chloride  with  a  suitable  proportion  of  sodium  carbon- 
ate, carbon  dioxide  being  evolved. 

SnCl4  +  2  NajCOs  +  HjO  =  Snb(0H)2  +  4  NaCl  -h  2  CO, 

The  precipitate  of  a-stannic  acid  is  readily  acted  upon  by  sodium 
hydroxide  with  the  formation  of  sodium  stannaU,  Na^SnOs  •  3  HyO,  in 
solution,  and  a  sufficient  excess  of  these  reagents  will  therefore  prevent 
the  precipitation  of  the  a*stannic  acid 

Many  salts  of  strongly  electro-positive  elements  are  capable  of  pre- 
cipitating stannic  acid  by  action  upon  stannic  chloride.  Calcium  car- 
bonate, barium  carbonate,  and  sodium  sulphate  are  such  salts.  Thus, 
by  the  action  upon  stannic  chloride,  SnCl4,  of  a  concentrated  solu- 
tion of  sodium  sulphate,  a  precipitate  is  obtained  which  when  dried 
in  air  has  the  composition  of  a-stannic  oxyhydroxide,  SnO(OH)s. 

SnCl^  +  4  Na^4  -f  3  HjO  =  SnO(OH),  4-  4  NaCl  +  4  NaHS04 

Staanic  ^y  ^  action  of  certain  acids  upon  the  a-stannic  hydrox- 

^•^^•-  ides  stannic  salts  are  formed  in  which  tin  is  the  positive  ion. 

Thus  sulphuric  acid  acts  upon  a-stannic  oxyhydroxide, 
SnO(OH)„  to  form  stannic  sulphate,  Sn  (804)2, 

SnO(OH)j  -f-  2  HjS04  =  Sn(S04)j  -f-  3  HjO 
sufficiently  dilute  nitric  acid  forms  stannic  nitrate,  Sn(N03)4, 

SnO(OH)j  +  4  HNO3  =  Sn(N03)4  -h  3  HjO 

and  hydrochloric  acid  forms  stannic  chloride,  SnCl4. 

SnO(OH)2  -h  4  HCl  =  SnCU  -h  3  H^O 

The  stannic  sulphate  and  stannic  nitrate  thus  formed  are  easily  hydro- 
lyzed  in  solution,  with  formation  of  an  insoluble  gelatinous  precipitate 
of  a-stannic  acid.  In  reacting  with  acids  to  form  stannic  salts  stannic 
hydroxide  plays  the  part  of  a  weak  base. 


2£ 


,«•■   ,W<»-'""   M»*  Vide,  ••'  _ 

dio"*      ,nd  *»'      -Ae   <"  *I0,+  »c«s " 


when  • 
a  ii"''"" 
ot  so*'" 
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Both  a-stannic  acid  and  cc-stannic  chloride  tend  to  go  over  spontane- 
ously into  the  form  of  )8-stannic  acid  and  )8-stannic  chloride,  respectively. 
Thus,  a  precipitate  of  ce-stannic  aciii  gives  after  a  time  reactions  charac- 
teristic of  /9-stannic  acid,  and  a  solution  of  a-stannic  chloride  tends  to 
show  likeivise  the  properties  of  )8- stannic  chloride,  one  of  which  is  to  give 
a  yellow  color  with  colorless  stannous  chloride  though  itself  colorless. 
Both  a-stannic  acid  and  )8-stannic  acid  lose  water  when  heated  and 
yield  stannic  oxide^  SnO^,  as  a  final  product  of  dehydration. 

The  appearance  of  two  stannic  acids  of  identical  composition  was  the 
first  recognized  instance  of  isomerism  among  chemical  compounds.  It 
was  observed  in  181 1  by  Berzelius,  and  investigated  by  Davy  and  Gay- 
Lussac  in  181 7.  The  exact  constitution  of  these  isomers  has,  however, 
never  been  proved. 

Stannoas  Stannous  hydroxide  may  be  formed  by  acting  upon  stannous 

Hydroxide.      j^//f  ^^i/^  soluble  bctsic  hydroxides  or  carbonates, 

H— 0    _  Sodiumhydroxide,  in  suitable  proportions,  precipitates 

^~^  fi*om  a  solution  of  stannous  chloride,  SnCl2,  white  stan- 

nous hydroxide,  Sn(OH)j,  which  decomposes  to  form  a  stannous  oxy- 
hydroxide,  Sn20(0H)j, 

SnCls  +  2  NaOH  =  Sn(OH)j,  -f  2  NaCl 

and  a  similar  precipitate  may  be  obtained  by  acting  upon  stannous 
chloride  with  sodium  carbonate  in  proper  proportions. 

SnCla  -h  NajCOa  +  H^O  =  Sn(0H)8  -h  2  NaCl  -h  CO, 

By  heating  the  precipitate  of  stannous  hydroxide  water  is  evolved,  and 
under  conditions  which  prevent  oxidation  stannous  oxide,  SnO,  is  ob- 
tained as  a  final  product. 

The  precipitate  of  stannous  hydroxide  is  acted  upon  by  the  common 
acids  and  by  basic  hydroxides.  Sulphuric  acid,  when  sufficiently 
dilute,  forms  the  unstable  stannous  sulpha^,  SnS04, 

Sn(0H)2  -h  HsS04  =  SnSO^  -f  2  H^O 

jva-o  ^^^  sodium  hydroxide  forms  unstable  sodium  stannite, 

iv«-o>8n     Na^SnOj,  in  solution, 

2  NaOH  -h  HjjSnOj  =  NajSnO,  +  2  HjO 

which  decomposes  when  heated,  with  formation  of  sodium  stannate, 
NasSnOj),  and  tin. 

2  NajSnOg  +  HgO  =  NajSnOg  +  2  NaOH  +  Sn 


^  ^i""-"  1-  »•"■  '"12  ■'<.*  '":2>  -^^ 
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Insoluble  stannic  sulphide  and  stannous  sulphide  may  be  formed  by 
adding  soluble  sulphides  to  solutions  of  corresponding  stannic  or  stannous 
salts.  Stannic  sulphide  combines  with  ammonium  sulphide  and  alkali 
sulphides  to  form  soluble  sulphostannates.  Stannous  sulphide  combines 
with  persulphides  to  form  sulphostannates. 

The  insoluble  stannic  hydroxide  and  stannic  oxyhydroxide,  known  as 
stannic  acids,  exist  in  two  isomeric  forms.  The  hydroxide  precipi' 
tated  from  stannic  salt  solutions^  consisting  of  the  orstannic  acids,  is  acted 
upon  by  acids  with  formation  of  stannic  salts,  and  by  bases  with  formoi- 
tion  of  stannates  ;  the  hydroxide  formed  by  cuting  upon  tin  with  nitric 
acidf  known  as  the  ^-stannic  acid,  is  not  readily  acted  upon  by  acidSy 
and  forms  with  bases  stannates  of  complex  constitution.  The  orStannic  acid 
is  spontaneously  convertible  into  the  ^stannic  ctcid.  The  a-  and  fi-stannates 
are  decomposed  by  acids  7vith  formation  of  stannic  acids.  The  insoluble 
stannous  hydroxide,  readily  decomposed  by  heat  and  ctcted  upon  by  acids, 
may  be  formed  as  a  precipitate. 

The  insoluble  stannic  oxide  and  stannous  oxide  may  be  made  by  decom^' 
posing  the  respective  hydroxides,  and  stannic  oxide  is  formed  when  tin  is 
heated  in  air.  Both  oxides  may  be  acted  upon  by  cuids  and  by  bases,  and 
may  be  reduced  to  tin  by  suitable  reagents. 


Lead,  Pb,  206.9 

Reduction  of  When  galenite,  PbS  (galena),  is  heated  in  air,  lead  oxide, 
LeadOittt.  pbO  (litharge),  or  lead  sulphate,  PbSO^,  may  be  formed 
according  to  the  degree  of  oxidation. 

2  PbS  -f-  3  Oj  =  3  PbO  +  a  SOa 
PbS  +  2  Oj  «  PbS04 

The  lead  oxide  or  lead  sulphate  thus  formed  may  be  reduced  to  lead  by 
heating  with  an  excess  of  lead  sulphide,  PbS. 

2  PbO  -h  PbS  =  3  Pb  -f  SO2 
PbS04  +  PbS  =  2  Pb  -h  2  SO, 

Or,  lead  sulphide  may  be  reduced  to  lead  directly  by  heating  it  with 

iron. 

PbS  -f-  Fe  «  FeS  +  Pb 


These  reactions  form  the  basis  of  the  metallur^cal processes  by  which 
lead  is  obtained  from  its  ores.  Pure  galena  ores  are  treated  by  the  oi' 
reduction  process,  in  which  the  ores  are  roasted  in  a  reverberatoir  bii- 
tiace,  while  lead  ores  which  contain  compounds  of  other  metab  uuv 
be  heated  with  carbonaceous  material.  Sometimes  blast  furnaces  -x 
hearths  may  be  employed  in  smelting  lead  ores.  We  have  already  con- 
sidered the  concentration  and  cupellation  processes  by  which  silver  and 
lead  are  separated  from  ores  in  which  compounds  of  both  elements  occur. 
PropertieB  Lead  is  a  bluish  white  metal,  soft  and  tough.  some«hi: 

tA  Lead.  ductile,  but  not  very  tenacious.     It  ordinarily  has  a  specific 

gravity  of  11.37,  and  njelts  at  from  315°  to  335°,  flowing  readily,  anJ 
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as  oxygen,  carbon  dioxide,  and  ammonia,  may  increase  the  action  of  the 
water  upon  the  lead.  Rain  water  especially  is  liable  to  exert  a  solvent 
action  upon  lead  pipes. 

Uses  of  On  account  of  its  resistance  to  the  action  of  air  and 

Lead.  water  and  the  common  acids,  lead  is  employed  in  making 

vessels  of  various  sorts,  and  in  lead  pipes  which  are  used  for  carrying 
water.  The  most  important  lead  alloys  are  the  soft  solders  and  pewters^ 
containing  tin  and  lead  ;  type-metal^  containing  usually  lead  and  anti- 
mony, and  sometimes  tin,  and  other  metals  in  smaller  proportions  \  and 
shot-metal^  consisting  of  lead  and  a  small  proportion  of  arsenic. 

In  the  process  of  making  shot,  the  lead  is  melted  in  a  cast  iron  pan, 
and  after  the  addition  of  a  sufficient  amount  of  lead  arsenide  to  form  an 
alloy  containing  from  0.8  to  0.9  per  cent,  of  arsenic,  the  molten  alloy  is 
poured  into  a  perforated  iron  basin  at  the  top  of  a  high  tower,  and 
allowed  to  fall  into  a  dilute  solution  of  sodium  sulphide.  The  presence 
of  arsenic  makes  the  drops  of  molten  alloy  very  fluid,  so  that  they 
assume  a  spherical  form  in  their  passage  to  the  bottom  of  the  tower. 
The  effect  of  the  sodium  sulphide  is  to  coat  the  shot  with  a  thin  layer 
of  lead  sulphide  which  prevents  superficial  oxidation  when  the  shot  are 
removed  from  the  water.  Shot  are  sometimes  made  by  allowing  the 
molten  metal  to  fall  through  an  ascending  air  current,  or  by  pouring  it 
in  a  thin  stream  upon  a  rapidly  revolving  disk,  when  the  centrifugal 
action  divides  the  metal  into  drops,  which  are  thrown  against  a  sur- 
rounding screen. 

Lead  forms  five  oxides :  lead  suboxide,  lead  monoxide,  red 

lead  oxide,  lead  sesquioxide,  and  lead  dioxide,  all  of  which 

may  be  formed  by  the  suitable  oxidation  of  lead  or  lead  compounds. 

Plj  Lead  suboxide,  Vh^D,  is  formed  as  a  dark  film  upon  a 

P^  clean  surface  of  lead  which  is  exposed  to  the  action  of  the 

^^'''  4Pb  +  O2  =  2Pb,0 

and  the  same  compound  may  be  formed  as  a  black  powder  by  decom- 
posing lead  oxalate,  PbC204,  by  heating  below  300°  out  of  contact  of 
air.     When  heated  in  air,  lead  suboxide  forms  lead  monoxide. 

2  PbjjO  4-  O2  =  4  PbO 

Lead  monoxide,   PbO    (litharge),   formed  when   lead   is 

""  heated   in   air   to   its   point   of   volatilization,   is   a   heavy 

yellow  or  reddish  yellow  powder,  of  specific  gravity  9.36,  becoming 


2  Pb  +  O,  =  2  PbO 

When  heated  with  hydrogen  or  carbon,  lead  monoxide  is  reduced  to  lead. 

PbO  +  H,  =  Pb  +  H,0 

When  fused  and  allowed  to  cool,  it  forms  octahedral  ciystals,  and  simiiai 
crystals  of  lead  oxide  occur  native  as  the  mineral  massicot. 

Lead  monoxide  is  obtained  as  a  commercial  product  by  direct  (mdi- 
tion  of  lead  in  the  metallurgical  processes  by  which  lead  is  separaieu 
from  silver,  and  by  heating  certain  lead  salts  such  as  lead  nitrate  and  lesi 
carbonate.  It  is  employed  to  give  refractivity  to  flint  glass,  such  as  is 
used  in  optical  instruments.  It  is  also  employed  in  preparing  many  siLii 
of  lead. 

Hed  lead  oxidt,  PbjOj  (lead  orthoplumbate,  red  lead). 
*  may  be  obtained  as  a  scarlet,  crystalline,  granular  povdei. 

of  specific  gravity  8,6  to  9.1,  by  heating  lead  monoxide,  PbO,  to  ddi 
red  heat  in  an  excess  of  air,  for  several  hours. 

6  PbO  +  O,  •^.  2  Pb^. 

When  red  lead  is  heated  to  bright  redness  in  the  air,  it  evolves  oxrgeiu 
forming  lead  monoxide,  PbO.    Red  lead  is  found  native  as  the  mineril 


p^_»  Lead  sesquioxide,    Pb,Oj,   is    precipitated  as   a    rcd(i:=" 

>o  yellow  amorphous  powder  when   sodium   hypochlorite  b 

added  in  suitable  proportions  to  the  solution  prepared  tv 

adding  to  lead  nitrate  solution  sufficient  potassium  hydroxide  to  ac: 

upon  the  lead  hydroxide  at  first  precipitated. 

a  Pb{OH),  +  NaOCl  =  PbA  +  NaCI  +  a  H^ 

^  Lead   dioxide,   PbO,   (lead  peroxide),  is  generally  1- 

N.0  amorphous,  dark  brown  powder  of  specific  gravity  8.9  "c 

9.2.  It  may,  however,  be  prepared  in  crystalline  condition  and  ocf.:^ 
naturally  as  the  mineral  plattnerite  in  hexagonal  prisms.  It  may  Sf 
formed  by  heating  to  110°  the  deposit  upon  the  anode  of  an  electrolr^ 
cell  in  which  oxygen  ions  are  produced  in  presence  of  a  salt  of  leii. 
notably  in  a  solution  of  lead  nitrate  strongly  acidulated  with  nitric  »nd 

a  Pb(NO.).  +  O,  +  a  H,0  »  a  PbOi  +  4  HNO, 
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It  is  formed  when  a  mixture  of  freshly  precipitated  lead  carbonate  and 
an  alkali  carbonate  is  acted  upon  by  an  excess  of  chlorine. 

PbCOs  4-  NajCOa  4-  CI,  =  PbO,  4-  2  NaCl  4-  2  CO, 

It  may  be  prepared  by  fusing  lead  monoxide  with  potassium  chlorate, 
KCIO,,  or  potassium  nitrate,  KNO3.  It  is,  however,  most  readily  obtained 
as  a  residue  left  by  acting  upon  red  lead  oxide,  Pb^O^,  with  nitric  acid, 
which  acts  upon  a  part  of  the  lead  oxide  to  form  lead  nitrate,  Pb(N03)2. 
When  heated  strongly,  lead  dioxide  evolves  oxygen,  leaving  lead  monoxide. 

2  PbO,  =  2  PbO  4-  O, 

In  sunlight  it  undergoes  partial  decomposition,  with  formation  of  red 
lead  oxide.  The  ease  with  which  it  gives  up  oxygen  makes  it  useful 
as  an  oxidizer. 

Lead  Hydroxides  of  lead  are  known^  corresponding  to  lead  mon- 

Hydtoxldes.    oxide  and  lead  dioxide, 

0_H  When  sodium  hydroxide  or  other  alkali  hydroxide  is 

^~^  added  to  a  solution  of  lead  nitrate,  Pb(N03)a,  or  a  similar 
lead  salt,  a  white  precipitate  of  lead  hydroxide ^  Pb(OH)„  or  lead  oxy- 
hydroxide^  PbjO(OH)to  is  obtained,  according  to  the  conditions,  which 
may  be  acted  upon  by  an  excess  of  an  alkali  hydroxide,  and  by  acids, 
and  may  be  decomposed  by  heating. 

PbCNOa),  4-  2  NaOH  =  Pb(OH),  4-  2  NaNOs 

Ammonium  hydroxide  added  to  a  solution  of  lead  nitrate  precipitates 
white  Pb,0(N03),,  while  with  a  solution  of  lead  acetate  it  forms  a  basic 
lead  acetate. 

By  the  electrolysis  of  a  suitable  salt  of  lead  under  regulated  condi- 
tions of  current  and  temperature  metaplumbie  acid^  H2PbOa,  may  be 
obtained,  and  this  yields  lead  dioxide  when  heated  to  110°. 

Action  of  ^^  ^  oxides  and  hydroxides  of  lead  are  acted  upon  by 

Acids  upon  certain  acids y  to  form  the  common  salts  of  leady  in  which 
Lead  Oxides.   ^^^  -^  ^  positive  bivalent  ion. 

From  lead  monoxide  many  salts  may  be  prepared  by  the  action  of 
the  appropriate  acids.  Thus  lead  monoxide  is  acted  upon  by  hydro- 
chloric acid,  with  formation  of  lead  chloride^  PbCl„ 


PbO  4-  2  HCl  «  PbCl,  4-  H,0 
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by  sulphuric  acid  with  formation  of  lead  sulphate^  PbS04, 

PbO  4-  HjjS04  =  PbSO^  4-  H^O 

by  nitric  acid  with  formation  of  lead  nitrate ^  Pb(N0s)2, 

PbO  -f  2  HNO3  =  PbCNOa),  +  H,0 

and  by  acetic  acid  with  formation  of  lead  acetate ^  Pb(C2H308)j. 

PbO  +  2  HCC^HjOa)  =  Pb(CsH80,)s  4-  H,0 

When  oxides  of  lead  other  than  lead  monoxide  are  acted  upon  by 
acids,  the  tendency  to  form  salts  corresponding  to  the  monoxide  is 
striking.  Thus,  hydrochloric  acid  acts  upon  lead  suboxide  to 
form  lead  chloride^  PbClj,  and  lead. 

PbjjO  4-  2  HCl  =  PbCl,  4-  Pb  4-  HjO 

Lead  dioxide,  Pb02,  is  acted  upon  by  hydrochloric  acid  at 
ordinary  temperatures  with  formation  of  lead  chloride^  PbClj,  and  libera- 
tion of  chlorine, 

PbOs  4-  4  HCl  =  PbClj  4-  Clj  4-  2  H^O 

though  when  the  action  takes  place  in  cold  solution  of  the  concentrated 
acid  there  is  formed  an  unstable  lead  tetrachloride,  PbCl4. 

PbOj  4-  4  HCl  =  PbCU  4-  2  H^O 

Upon  adding  ammonium  chloride  to  a  mixture  of  lead  dioxide  and 
hydrochloric  acid,  the  double  salt,  PbCl4  •  2  NH4CI,  separates  as  yellow 
crystals,  which  react  with  ice-cold  concentrated  sulphuric  acid  to  form 
ammonium  sulphate,  hydrochloric  acid,  and  lead  tetrachloride,  which 
collects  beneath  the  sulphuric  acid  as  a  yellow  oil,  becoming  crystalline 
at  —  1 5®,  and  decomposing  gradually  at  ordinary  temperatures  into  lead 
chloride  and  chlorine.  Sulphuric  acid  acts  upon  lead  dioxide  to 
form  lead  sulphate,  PbS04,  with  liberation  of  oxygen. 

2  PbO,  4-  2  H2SO4  =  2  PbS04  4-  O,  4-  2  H^O 

Nitric  acid  does  not  act  upon  lead  dioxide. 

Lead  sesquioxide,  Pb^O;,,  when  acted  upon  by  nitric  acid,  yields 
lead  nitrate,  Pb(N03)2,  and  lead  dioxide,  PbO,. 

PbA  +  2  HNOa  =  Pb(N03)s  4-  PbO,  4-  H,0 


I 
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Red  lead  oxide,  Pb304,  is  acted  upon  by  Kydrochloric  acid  with 
formation  of  lead  chloride ,  PbCl^,  and  liberation  of  chlorine, 

Pb-A  -f  8  HCl  =  3  PbCl,  +  Clj  -f  4  HoO 

by  hot  concentrated  sulphuric  acid  with  formation  of  lead  sulphate^ 
PbSOi,  and  liberation  of  oxygen, 

2  Pb304  +  6  H2SO4  =  6  PbS04  -f  O,  4- '6  HjO 

by  dilute  sulphuric  acid  with  formation  of  lead  sulphate^  PbS04,  and 
lead  dioxide,  PbOj, 

Pb804  -f  2  H2SO4  =  2  PbS04  4-  PbO,  +  2  H2O 

and  by  nitric  acid  with  formation  of  lead  nitrate^  P^NOg):,  and  lead 
dioxide,  Pb02. 

Pb304  -h  4  HNO3  =  2  Pb(N03)2  -f  PbOa  -f  2  HjO 

Action  of  Certain  salts  of  lead  in  which  lead  is  .the  positive  ion  may 

Acids  upon      likeunse  be  formed  by  the  action  of  appropriate  acids  upon 
^®**  lead.    Thus,  by  the  action  of  nitric  acid  upon  lead  white 

soluble   lead  nitrate ^  Pb(N03)2,   is   formed,  and   nitrogen   oxides   are 

evolved.       p^  ^  ^  HNO3  =  Pb(N03)j  +  2  H,0  +  2  NO, 

If  the  nitric  acid  employed  is  sufficiently  concentrated,  the  lead  nitrate 
formed  may  remain  undissolved  so  as  to  impede  the  action,  which  will, 
however,  continue  when  the  lead  nitrate  is  dissolved  by  adding  water. 
Though  cold  concentrated  sulphuric  acid  acts  upon  lead  very  slowly, 
and  the  dilute  acid  not  at  all,  hot  concentrated  sulphuric  acid  attacks 
lead  with  evolution  of  sulphur  dioxide  and  formation  of  white  lead 
sulphate^  PbS04,  which  is  precipitated  upon  addition  of  water. 

Pb  -f  2  H2SO4  =  PbS04  4-  SO2  +  2  H2O 

Hydrochloric  acid  slowly  attacks  lead  with  evolution  of  hydrogen 
and  formation  of  white  moderately  soluble  lead  chloride^  PbClj,  which 
may  remain  in  solution  in  the  presence  of  an  excess  of  acid. 

Pb  +  2  HCl  =  PbClg  4-  Hj 

Inaolable  Certain  insoluble  salts  of  lead  in  which  lead  is  the  positive 

Lead  ion  may  be  formed  as  precipitates  by  the  action  of  suitable 

Salta.  reagents  upon  solutions  of  lead  salts. 
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corresponding  to  the  symbol  given.  It  is  acted  upon  by  ammonium 
hydroxide  with  formation  of  an  insoluble  basic  salt. 

0— NO2       Z^tf^  nitrate^  Pb(N03)2,  formed  by  the  action  of  nitric 
0— NOa  acid  upon  lead  or  upon  lead  oxides,  is  a  white  salt,  crystal- 
lizing in  octahedra,  moderately  soluble  in  water,  forming  when  boiled 
with  water  an  insoluble  lead  hydroxynitrate^  Pb(0H)N03,  and  decom- 
posed by  heating  into  lead  monoxide,  nitrogen  tetroxide,  and  oxygen. 

2  Pb(N03)2  =  2  PbO  4-  4  NO2  +  Oi 

/OV  ^       Lead  sulphatey  PbS04,  formed  by  the  action  of  sulphuric 
no/  \o  acid  upon  lead  or  lead  oxide,  or  by  the  action  of  sulphuric 

acid  or  soluble  sulphates  upon  solution  of  lead  salts,  is  a  white  crystalline 

salt,  slightly  soluble  in  water,  and  very  insoluble  in  dilute  sulphuric  acid. 

It  may  be  reduced  to  lead  sulphide,  PbS,  by  heating  with  carbon.     It 

occurs  as  the  mineral  anglesite, 

PbS04  +  2  C  =  PbS  +  2  CO2 

^o     ^   ^       Lead  carbonate.  PbCO.,,  occurs  as  the  mineral  cerussite. 
0  The  basic  lead  carbonate  formed  as  a  precipitate  by  adding 

soluble  carbonates  to  solutions  of  lead  salts,  and  which  approximates  to 
the  composition  Pb3(OH).>(C03)2,  is  the  "  white  lead"  largely  used  as  a  pig- 
ment. It  is  manufactured  by  acting  upon  lead  monoxide  with  acetic 
acid,  and  by  passing  carbon  dioxide  into  the  lead  acetate  thus  formed. 
Lead  carbonate  is  acted  upon  superficially  by  hydrogen  sulphide  with 
formation  of  black  lead  sulphide.  Pictures  painted  in  white  oil  colors 
containing  lead  carbonate  often  become  darkened  upon  exposure  to  the 
air  contaminated  by  the  products  of  the  burning  of  illuminating  gas  and 
other  fuels  containing  sulphur. 

Lead  su/phide,  PbS,  formed  by  the  action  of  hydrogen 
sulphide  or  of  soluble  sulphides  upon  solutions  of  lead  salts, 
is  an  amorphous  black  powder.  In  the  presence  of  an  excess  of  hydro- 
chloric acid  a  red  compound,  PbS  •  PbCU,  may  be  precipitated  by 
hydrogen  sulphide  from  solution  of  lead  salts.  Lead  sulphide  may  be 
acted  upon  by  moderately  dilute  nitric  acid  with  formation  of  lead  nitrate 
and  the  liberation  of  nitrogen  oxides,  sometimes  with  precipitation  of 
sulphur.  Lead  sulphide  occurs  as  the  mineral  galenite  (galena)  in  the 
form  of  glistening  cubes  or  octahedra. 
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©(CaHjO)       ^^^  acetate,  Pb(CjH80j)2  (sugar  of  lead),  is  formed  by 
OCCsHgO)   the  action  of  acetic  acid,  H(CiH802),  upon  lead  oxide. 

PbO  +  2  HCCaHaOa)  =  Pb(C8H30j)2  -f-  HjO 

It  may  be  obtained  as  brilliant  prismatic  crystals  of  the  composition 
Pb(C2H302)2  ■  3  H2O,  which  lose  water  on  exposure.  By  heating  a  water 
solution  of  lead  acetate  with  lead  monoxide,  basic  acetates,  such  as 
PbCOHXCaHsOj)  and  PbsOjCCjHsOj),  may  be  obtained.  By  the  action 
of  hot  acetic  acid  upon  red  lead,  PbgO^,  lead  tetraacetate,  Pb(C2H302)4, 
may  be  formed.  Lead  acetate  absorbs  carbon  dioxide  from  the  air, 
forming  lead  carbonate. 

Plnmbitea  Lead  monoxide  and  lead  dioxide  react  with  alkali  hydrox- 

and  Plum-  ides  with  the  formation  of  salts  in  which  lead  is  a  constituent 
bates.  ^  ^^^  negative  ion. 

Lead  monoxide,  PbO,  is  acted  upon  by  a  hot  solution  of  an  alkali 
hydroxide  to  form  a  colorless  solution ;  and  lead  hydroxide,  Pb(OH)2, 
formed  by  precipitation  from  a  lead  salt  by  an  alkali  hydroxide,  is  readily 
acted  upon  by  an  excess  of  the  alkali  hydroxide.  Such  action  points 
to  the  existence  of  more  or  less  unstable  alkali  plumbites.  Lead  diox- 
j^_0  ide  is  acted  upon  by  a  warm   solution   of  potassium 

*^~"^  ~~  hydroxide,  and  from  the  solution  on  cooling  crystals  of 
potassium  metaplumbate,  K2pb08  •  3  H2O,  separate.  Other  plumbates 
may  be  formed  similarly. 

Ov  By  heating  lead  dioxide,  PbOj,  with  calcium  oxide, 

Q>Pb       CaO,  or  calcium   carbonate,  CaCOs,  or  by  heating  lead 

0/  monoxide  with  calcium  oxide  in  the  presence  of  air,  ccU- 

cium  orthoplumbate,  Ca2pb04,  may  be  obtained  as  a  yellowish  red  salt. 


PbOj  +  2  CaO  =  Ca2Pb04 

The  withdrawal  of  oxygen  from  the  air  by  the  action  of  lead  oxide  in 
forming  a  plumbate,  from  which  the  oxygen  may  be  again  evolved  by 
heating  in  presence  of  carbon  dioxide,  has  been  applied  to  the  com- 
mercial production  of  oxygen  by  Kassner^s  method. 

When  a  solution  of  potassium  metaplumbate,  K2pb08,  is  mixed  with 
a  solution  of  lead  monoxide  in  potassium  hydroxide,  red  lead  oxide, 
PbgO^,  is  precipitated,  and  this  oxide  may  be  regarded  as  a  lead  salt  of 
the  hypothetical  orthoplumbic  acid,  H^PbO^,  corresponding  to  the  symbol 
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Lead  sesquioxide,  Pb^Oa,  may,  in  like  manner,  be  regarded  as  the  lead 

salt  of  a  hypothetical  metaplumbic  acidy  HaPbOj,  corresponding  to  the 

symbol  y^v 

Pb<g>Pb=0 


Summary. 


Lead  forms  five  oxides  :  lead  suboxide  ^  formed  by  exposure 
of  clean  lead  to  air ;  lead  monoxide,  made  by  heating  lead 
in  air;  red  lead  oxide,  formed  by  heating  lead  monoxide  in  air;  lead 
sesquioxide,  formed  by  oxidizing  a  lead  salt  by  sodium  hypochlorite  ;  and 
lead  dioxide,  formed  by  oxidizing  a  lead  salt  by  electrolysis  or  by  the 
action  of  chlorine.  Lead  hydroxide,  corresponding  to  lead  oxide,  may  be 
formed  as  a  precipitate  from  solutions  of  lead  salts  ;  and  metaplumbic 
acid,  corresponding  to  lead  dioxide,  may  be  obtained  by  electrolyzing  a 
lead  salt  under  suitable  conditions. 

Lead  chloride,  lead  sulphate,  lead  nitrate,  and  lead  acetate  may  be 
formed  by  the  action  of  the  appropriate  acids  upon' lead  monoxide.  By 
the  action  of  hydrochloric  acid  upon  lead  dioxide,  lead  chloride  is  ordi- 
narily formed,  while  chlorine  is  evolved,  although  in  the  cold  lead  tetra- 
chloride may  be  formed.  By  the  action  of  sulphuric  acid  upon  lead 
dioxide,  lead  sulphate  is  formed  and  oxygen  liberated.  Both  lead  sesqui- 
oxide and  red  lead  oxide  are  acted  upon  by  nitric  acid  with  formation 
of  lead  nitrate  and  lead  dioxide.  Hydrochloric  acid  acts  upon  red  lead 
oxide  to  form  lead  chloride  and  liberate  chlorine,  while  sulphuric  acid 
acts  upon  the  same  oxide  to  form  lead  sulphate  and  liberate  oxygen,  or 
with  the  formation  of  lead  sulphate  and  lead  dioxide. 

Lead  is  acted  upon  by  nitric  acid  with  the  formation  of  lead  nitrate, 
by  hot  concentrated  sulphuric  acid  with  formation  of  lead  sulphate,  and 
slowly  by  hydrochloric  acid  with  formation  of  Uad  chloride. 

Lead  chloride,  lead  sulphate,  lead  sulphide,  basic  lead  carbonate,  lead 
chromate,  lead  iodide,  and  other  lead  salts  may  be  formed  as  precipitates. 

Lead  monoxide  is  acted  upon  by  potassium  hydroxide  with  formation 
of  a  solution  which  suggests  the  existence  of  unstable  plumbites.  Lead 
dioxide  is  acted  upon  by  potassium  hydroxide  with  formation  of  potassium 
plumbate,  and  other  plumbates  may  be  similarly  made. 


CHAPTER   XV 

SECONDARY  SERIES  — GROUP  V 

Vanadium,  V,  51.2 

CoLUMBiuM  (Niobium),  Cb,  94 
Tantalum,  Ta,  183 

The  elements  of  Group  V  are  lustrous  gray  solids  found  in  combinatir. 
in  a  few  minerals  and  obtained  by  reduction  of  halogen  comf>our,i'. 
Vanadium  occurs  native  in  vanadates  of  the  metals,  of  which  one  is  the 
mineral  vanadinite  Pb4(PbCl)(V04)a,  a  lead  vanadate  containing  chlorine. 
Columbium  and  tantalum  generally  occur  together  in  combination  in 
certain  rare  minerals,  columbates  and  tantalates,  such  as  colunn^M 
(Fe,  Mn)(Cb,  Ta)g06,  and  tantalite^  chiefly  (Fe,  Mn)TagOa, 

By  treating  vanadinite  with  nitric  acid,  precipitating  lead  sulphi(k  '  v 
hydrogen  sulphide,  evaporating  the  sohition  after  filtration,  and  ign:' ": 
the  residue,  reddish  brown  vanadium  pentoxide,  yOs,  may  be  obtaine^i. 
from  which  orthovanadates,  such  as  NajiV04,  pyrovanadates^  such  is 
Na4V207,  and  metavanadates,  such  as  NaVOs,  may  be  made.  Fr^r: 
vanadium  pentoxide  may  be  obtained  blue  vanadium  tetroxide^  Vi,. 
black  vanadium  trioxide^  V^^Oa,  gray  vanadium  dioxide,  V-Og,  and  bM^r. 
vanadium  monoxide,  V,0.  Vanadium  forms  a  vellow  oxvchloride,  VCK' . 
known  as  vanadyl  chlonde,  liquid  at  ordinary  temperatures  ;  a  green  rn^ 
talline  oxychloride,  VOCI5,  and  a  brown  oxychloride,  VOCl :  and  a.v' 
vanadium  (etrach/onde,  VCI4,  a  brown  liquid  ;  vanadium  trichloride^  \\  , 
crystalline  and  violet-red  ;  vanadium  dichlonde^  VCL,  greenish  and  cr\ <:. 
line.  From  vanadium  dichloride  may  be  obtained  elementary  vami,:..  *. 
gray,  rapidly  oxidizable  in  the  air  when  heated  and  slowly  attacked  w;-: 
cold,  and  capable  of  con>bining  with  nitrogen  at  red  heat  to  form  re 
yellowish  brown  vanadium  ni/ride^WN,  of  metallic  luster.  Vanai::'' 
sulphides,  NSi  and  V2S3,  are  known,  and  so  are  certain  compounds  il 
tained  by  acting  with  sulphuric  acid  upon  vanadium  pentoxide,  W 
V/)h(S04)2,  in  which  vanadium  tetroxide  apparently  shows  weak  Uv 
tendencies  and  forms  a  union  with  the  S04-ion. 

Columbium  forms  yellowish  white  columbium  penioxide,  CbjOi  i  hi :  ^' 
black  columbium  tetroxide  ^  (Z\).fd^\  and  white  columbium  dioxide,  Cv} 
columbium  pen taclilo ride,  CbCla,  crystallizing  in  yellow  needles  and  tr^- 

4:32 


^ 
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volatilized  ;  columMum  trichloride,  CbClg,  dark  and  crystalline  ;  and  colum- 
bium  oxychloridey  CbOClg,  colorless  and  crystalline.  From  columbium 
pentoxide  complex  columbates,  derivatives  of  the  acid  H8Cb04,  may  be 
obtained,  and  certain  crystalline  double  fluorides  and  oxy fluorides,  such 
as  2  KF  •  CbFs  and  2  KF  •  CbOFg,  are  characteristic.  From  the  colum- 
bium chlorides  by  reduction  by  hydrogen  may  be  obtained  the  element 
columbiuniy  a  gray,  brilliant  solid. 

Tantalum  forms  white  tantalum  pentoxide,  TajO^ ;  dark  gray  tantalum 
tetroxide,  Ta204 ;  tantalum  pentachloride,  TaClj,  light  yellow  and  crystal- 
line ;  crystalline  double  fluorides  and  oxy  fluorides,  such  as  2  KF  •  TaFj 
and  2  KF  ■  TaOFg ;  and  tantalates  derived  from  the  acid  HjTaO^. 


2F 


CHAPTER  XVI 

SECONDARY  SERIES  — GROUP  VI 

Chromium,  Cr,  53.1 

Molybdenum,  Mo,  96.0 

Tungsten,  W,  184 

Uranium,  U,  238.5 

The  elements  of  Group  VI  of  the  secondarv-  series  arc 
Onap  t/l.  ^       ,  .  ,  .      -  r      ,  .... 

found  in  combination  only,  chromium  associated  w\X.a  ir-i- 

in  ores,  and  the  other  elements  in  a  few  rare  minerals.  The  princii; 
chromium  minerals  are  chromite,  FeCrjO,,  and  crocoiU,  PbCrO^.  .A'. 
four  elements  may  be  prepared  from  compounds  as  hard,  lustrous  metj^-. 
white  or  nearly  white  in  color,  of  high  specific  gravity,  unacted  upon  br 
air  or  water  at  ordinary  temperatures,  acted  upon  by  acids.  The  ele- 
ments all  form  oxides  and  corresponding  hydroxides  which  are  general- 
acidic  in  character,  being  acted  upon  by  bases  with  formation  of  salt;  r. 
which  these  elements  are  in  the  negative  ion,  although  these  same  h:r 
oxides  form  some  salts  in  which  these  elements  are  positive.  Thus  c 
the  case  of  chromium  we  have  <hromatts  and  chromius  in  which  chr." 
mium  is  in  the  negative  ion,  and  chromium  sulphate  and  other  chromi::- 
salts  in  which  chromium  is  positive.  The  maximum  valence  of  the  e'«- 
ments  of  this  group  is  VI,  although  they  sometimes  show  a  valence  c: 
IV,  111,  or  II. 

The  rare  element  uranium  is  of  interest  because  of  the  recently  i.\x 
covered  radio-activity  of  its  salts. 

Chromium,  Cr,  52.1 

Rednrtioo  Chromium  occurs  only  in  combination  with   other  e"^ 

ofChiomium  ments,  the  chief  chromium  ore  being  tkrontile,  essentia  < 
**"■  FeCroO,,  though  the  element  is  found  in  other  mincni^ 

notably  in  crocoile,  PbCrO,.     When  chromite  is  roasted  in  a  reverbcrj- 
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tory  furnace  in  mixture  with  sodium  carbonate-^  and  lime,  and  exposed 
to  the  action  of  air,  sodium  chromate,  calctiim  carbonate,  and  ferric 
oxide  are  formed. 

4  FeCroOi  +  8  Na2C08  +•  8  CaO  +  7  Qs  =  8  Na3Cr04  +  8  CaCOj  +  2  FcjOs 

Upon  extracting  the  fused  mass  with  water,  sodium  chromaie^  Na^Cr04, 
is  dissolved,  from  which,  upon  addition  of  a  suitable  amount  of  sulphuric 
acid  to  the  concentrated  solution,  are  obtained  anhydrous  sodium  sul- 
phate, which  crystallizes  first,  and  somewhat  impure  sodium  dichromate^ 
^zjZxjd-i  •  2  HjjO,  which  deposits  from  the  remaining  solution  on  cooling. 

2  Na2Cr04  +  H2SO4  =  Na^SO*  +  Na^CrA  +  H^O 

From  the. crude  sodium  dichromate  thus  obtained  the  compounds  of 
chromium  may  be  formed. 

By  treating  the  suitably  concentrated  solution  of  sodium  dichromate 
with  potassium  chloride,  potassium  dichromate  is  precipitated  in  crystal- 
line form.  By  recrystallization  potassium  dichromate^  KjCiiOj,  may  be 
obtained  in  pure  condition. 

NajCrjOy  -f  2  KCl  =  KjCrgOy  -f-  2  NaCl 

When  concentrated  sulphuric  acid  is  added  to  a  cold  concentrated  solu- 
tion of  potassium  dichromate  crystalline  chromium  trioxide^  CrOs,  sepa- 
rates, which,  though  soluble  in  water,  may  be  washed  with  strong  nitric 
acid  by  decantation  or  on  asbestos. 

KaCraO;  +  H^04  =  K^SO*  -f  2  CrO,  -f-  HjO  ^ 

Heated  to  250°,  chromium  trioxide  decomposes  into  green  chromic  oxide/ 
Cr  A,  and  oxygen.       ^  CrO,  =  2  Cr A  +  3  O. 

From  chromic  oxide,  by  heating  with  carbon  in  the  electric  furnace  or 
by  ignition  in  mixture  with  powdered  aluminium,  chromium  may  be  pro- 
duced  in  quantity.     ^^^^^  +  3  C  =  2  Cr  +  3  CO 

CrgOa  +  2  Al  =  2  Cr  -f-  AljOs 

Chromium,  a  gray,  lustrous  metal,  of  specific  gravity  6.92, 

somewhat  crystalline  in  structure,  is  hard,  unaffected  by  air 

at  ordinary  temperatures,  fusible  in  the  electric  arc  but  not  in  the  oxy- 

hydrogen  flame.     Above  0°  it  is  attacked  by  hydrochloric  acid  with 

evolution  of  hydrogen  and  the  formation  of  chromous  chloride. 


Chromium  forms  compounds  which  may  be  regarded  i 
derivatives  of  three  oxides,  and  several  hydroxides. 


[Chromous  oxide,  CrO}* 
Chromic  oxide,  CrjOj 


Chromium  trioxide,  CrO, 


*  Represented  by  compounds. 


Chromous  hydroxide,  Cr(OH), 
Chromic  hydroxide,  Cr(OH)j 
Chromous  acid,  HCrO» 
Chromic  acid,  HtCrO,t 
Perchromic  acid,  H-CrjOgf 
t  Known  in  solution. 
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which,  in  presence  of  hydrochloric  acid/ may  be  reduced  to  chromous 
chloride  by  zinc  or  by  the  nascent  hydrogen  produced  in  the  action  of 
zinc  upon  the  acid. 

2  CrCla  4-  Zn  =  2  CrClj  -h  ZnCl^ 
2  CrCls  -h  Hj,  =  2  CrCi,  +  2  HCl 

^  ^0— H  Chromous  hydroxide,  Cr(OH)2,  yellow,  easily  oxidizable, 

^■"^      is  precipitated  when  sodium  hydroxide  or  other  alkali 
hydroxide  is  added  to  a  solution  of  chromous  chloride. 

CrClj  4-  2  NaOH  =  Cr(OH)j  +  2  NaCl 

When  chromous  hydroxide,  Cr(OH)x,  is  heated,  the  chromium- 
ion,  instead  of  forming  the  oxide  CrO„  is  oxidized  at  the  expense  of  the 
water,  assuming  a  higher  valence,  hydrogen  being  liberated. 

2  Cr(0H)2  =  CrA  -f  Hj  -f  H^O 

Of  the  chromic  compounds,  chromic  oxide,  chromic  hydrox- 
Compounds.    ^^^  chromic  chloride,  and  chromic  sulphate  are  typical, 
Qy^Q  Chromic  oxide,  Cr^Oj,,  may  be  conveniently  prepared  as  a 

>0  green  amorphous   powder  by  heating  chromium  trioxide, 

CrOj,  as  already  shown,  or  by  heating  ammonium  dichro- 
mate,  (NH4):;Cr3j07,  obtained  by  dissolving  chromium  trioxide  in  water 
and  adding  ammonium  hydroxide  in  suitable  amount. 

(NHO.CrA  =  CrA  +  4  H,0  -f-  Ng 

Chromic  oxide  is  formed  as  black  hexagonal  crystals  when  chromyl 
chloride,  CrOjCla,  is  passed  through  a  red-hot  tube. 

4  CrOaClj  =  2  CfgOa  4-  4  CU  +  O2 

After  ignition  it  is  generally  insoluble  in  acids,  but  is  attacked  by  hot 
concentrated  sulphuric  acid.  Chromic  oxide  dissolves  in  fused  silicates 
or  borates,  and  is  employed  to  impart  a  green  color  to  glass  and  porce- 
lain. Ignited  in  mixture  with  alkali  hydroxides  or  carbonates  in  contact 
with  air  it  forms  chromates. 

Chromic  oxide  does  not  combine  directly  with  water,  but  the  corre- 
sponding chromic  hydroxide  may  be  obtained  by  precipitation  from 
solutions  of  chromic  salts. 


Chromic  hydroxide,  Cr(OH)3,  may  be  precipiutcd  bvtL'    i 
Cr^O-H       addition  of  ammonium  hydroxide,  NH,OH,  to  a  sri- 


\0-H 


tion  of  chromic  chloride,  CrCI,. 
CrCIa  +  3NH,0H  =  Cr(OH),  +  3  NH,CI 


The  precipitate  is  grayish  green  in  color,  when  formed  from  the  greti 
solutions  of  chromic  salts ;  from  solutions  of  violet  chromic  sails  it  o.,- 
bluish  gray  in  color.  When  precipitated  it  retains  more  water  than  cor- 
responds to  the  symbol  of  the  simple  hydroxide,  and  is  the  bydro^el 
Cr(0H)3' nH,0,  but  in  a  vacuum  water  is  lost,  leaving  CrfOHi,. 

When  chromic  hydroxide  is  heated  to  200°,  the  insoluble  chri'-.: 
oxyhydroxide,  CrO(OH)  (chromous  acid),  corresponding  in  com;.-.- 
silion  to  the  chromitti,  is  formed.  The  freshly  precipitated  hyiln-.. 
of  chromic  hydroxide  dissolves  in  a  solution  of  chromic  chloride,  j-i 
such  a  solution  when  dialyzed  allows  chromic  chloride  to  pasj  ": 
dialyzer,  leaving  the  hydrosol  of  chromic  hydroxide,  which  may  be  ((■r. 
verted  to  the  hydrogel  and  precipitated  by  addition  of  alkali  salts. 

Chromic  hydroxide  is  acted  upon  slightly  by  ammor)  t 

hydroxide,  forming  a  violet  solution  from  which  it  is  Y^- 

cipiiated  on  boiling  \  and  with  sodium  hydroxide  or  potassium  hydros  i 

it  forms  soluble  sodium  chromOe,  NaCrO,,  <yc  potassium  ehramite,  KCrO. 

respectively. 

Cr(OH),  +  KOH  =  KCiO,  +  a  H.O 

On  boiling  the  solution  of  an  alkali  chromite,  a  precipitate  is  fon^i- 
consisting  largely  of  chromic  hydroxide,  but  still  holding  some  of ! ' 
alkali  element  in  combination.  The  mineral  chromite  may  be  rejitiit ; 
as  essentially  an  i nsoliible/r rrf/w  chromite,  Fe(CrO,)i- 

/Cl  Chromic  chloride,  CrClj,  is  obtained  in  green  solution  ' ' 

cr—c\  acting  upon  chromic  hydroxide  with  hydrochkr 


\ci 


:id. 

Cr(OH),  +  3  HCI  =  CrCI,  +  3  H/) 


This  solution,  when  evaporated  sufficiently,  deposits  green  deliqa«c«'* 
crystals  of  hydrous  chromic  chloride,  CrClj  -  6  H,0,  and  these,  ^'^ 
heated  in  an  atmosphere  of  hydrogen  chloride,  form  the  anhviir.'.- 
chromic  chloride,  CrClj,  as  a  reddish  violet  residue  which  diss^^ts  1 
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A  similar  solution  may  be  obtained  by  heating  chromium  trioxide, 
CrOj,  with  concentrated  hydrochloric  acid, 

2  CrOa  -f  12  HCl  =  2  CrCls  +  6  H2O  -f  3  Clj 

and  this  process  is  aided  by  the  presence  of  a  reducing  agent,  such  as 
alcohol. 

2  CrOs  -f  6  HCl  +  3  C2H5OH  =  2  CrClj  +  6  H,0  -h  3  C,H40 

It  is  a  curious  fact  that  when  cold  green  solutions  of  chromic  chloride 
are  treated  with  silver  nitrate,  silver  chloride  is  formed  in  amount  corre- 
sponding to  only  one  third  of  the  chlorine  present  in  the  chloride,  the  re- 
maining two  thirds  being  apparently  a  constituent  of  a  complex  ion  which 
does  not  exchange  chlorine  for  the  NOj,-ion  of  silver  nitrate, — a  condition 
which  might  be  represented  by  writing  the  symbol  of  the  dissolved 
salt,  (CrCl2)Cl,  and  that  of  the  crystallized  green  salt,  (CrCl2)Cl  •  6  H^O, 
which  expresses  simply  a  constitution  and  condition  which  may  in 
reality  be  of  considerable  complexity. 

On  the  other  hand,  it  is  possible  to  prepare  a  violet  solution  of 
chromic  chloride  by  treating  a  cold  solution  of  violet  chromic  sulphate 
with  barium  chloride, 

Cr^CSOOa  +  3BaCl2  =  2  CrClj  -f  3BaS04 

and  the  precipitate  obtained  by  acting  with  silver  nitrate  upon  the 
solution  of  chromic  chloride  thus  prepared  contains  all  the  chlorine. 
Upon  boiling,  the  violet  solution  becomes  green,  and  then  silver  nitrate 
forms  a  precipitate  containing  only  two  thirds  of  the  chlorine.  The 
chrom.ic  chloride  in  the  violet  solution  may,  therefore,  be  best  repre- 
sented by  the  ordinary  symbol,  CrCla. 

When  the  soluble  reddish  violet  anhydrous  chromic  chloride,  CrClg, 
is  heated  sufficiently,  it  sublimes  with  formation  of  histrous  reddish  violet 
leaflets,  which  dissolve  in  water  and  form  the  green  solution  only  upon 
long  boiling,  or  after  the  addition  or  formation  of  a  trifling  amount  of 
chromous  chloride,  CrClg,  which  appears  to  act  as  a  catalyzer.  This 
phenomenon  points  to  greater  complexity  of  constitution  in  the  anhy- 
drous chromic  chloride  than  would  be  indicated  by  the  symbol  CrClg. 

yO\  ^       Chromic  sulphate,  Cr2(S04)3,  is  formed  in  green  solution 

^'■\~^/^^  when  chromic  hydroxide  is  acted  upon  by  concentrated 

yOx  Co  sulphuric  acid.     The  solution,  after  standing,  deposits  violet 

Cr— o\  A^  crystals  of  hydrous  chromic  sulphate,  Cr2(S04)3«  15  H2O, 

^/   \0  which  dissolve  in  cold  water  to  form  a  violet  solution. 

The  violet  solution  of  chromic  sulphate  is  acted  upon  by  barium 
chloride  with  formation  of  a  violet  solution  of  chromic  chloride,  and 
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a  precipitate  of  barium  sulphate  containing  all  the  S04-ion  of  the  origi- 
nal chromic  sulphate. 

Upon  boiling  the  violet  solution  of  chromic  sulphate,  a  green  solution 
is  formed,  from  which,  by  the  action  of  barium  chloride,  a  precipitate 
is  formed  containing  only  one  third  of  the  S04-ion  of  the  original  chro- 
mic sulphate.  After  long  standing  the  solution  again  becomes  violet, 
when  the  metathesis  between  the  chromic  sulphate  and  barium  chloride 
is  complete.  The  transition  of  the  violet  chromic  sulphate  to  the  green 
chromic  sulphate  has  been  attributed  to  hydrolytic  decomposition  with 
formation  of  a  compound  containing  a  complex  ion,  Cr40(S04)4,  from 
which  the  S04-ion  is  not  replaceable  by  hydrolysis. 

2  Cr^  (804)3  -f  H,0  =  [Cr40(  504)4]  SO4  +  K^O^ 

violet  greea 

Chromic  sulphate  forms  double  salts  with  the  alkali  sulphates  which 
are  known  as  the  chrome  alums.  Potassium  chromium  sulphate^ 
KCr(S04)2  •  12  HjjO  (chrome  alum),  is  formed  as  dark  violet  octahedra 
when  a  solution  containing  chromic  sulphate  and  potassium  sulphate 
is  allowed  to  evaporate  spontaneously.  It  is  most  conveniently  pre- 
pared by  acting  upon  potassium  dichromate  with  sulphuric  acid  and 
a  reducer  such  as  alcohol  or  sulphur  dioxide. 

KgCrA  +  H,,S04  +  3  SOj  =  KjS04  +  Crj(S04)8  4-  H.O 
K,S04  +  Cr,(S04)3  -f  24  HaO  =  2  [KCr(S04)a  •  12  H^O] 

Sodium  chromium  sulphate ^  NaCr(S04)2  •  1 2  H2O,  and  ammonium  chro- 
mium sulphate ^  NH4Cr(S04)2  •  12  H._,0,  dre  formed  similarly.  All  dissolve 
in  cold  water  to  form  violet  solutions,  but  such  solutions,  when  heated, 
turn  green  after  the  fashion  of  the  simple  chromic  sulphate. 

Other  chromic  salts  possess  characteristics  like  those  of  the  chloride 
and  the  sulphate. 

Chromatea  Corresponding  to  chromic  oxide  we  have  the  chromates^  such 

clinmic  ^^  potassium  chromate  and  barium  chromate^  and  the  acid, 

Acid,  chromic  acid. 

» 

When  chromic  oxide,  CroO,,  is  heated  with  sodium  hydroxide 
or  sodium  carbonate  in  presence  of  air,  sodium  chromate,  NajCr04, 
is  formed. 

2  CrgO.,  +  4  NaoCOg  4-  3  Oj  =  4  Na5eCr04  -h  4  COj 

On  the  practical  scale,  the  mineral  chromite,  FeCr204,  forms  the  natural 
source  from  which  to  prepare  the  chromates,  as  well  as  the  other  chromium 
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compounds ;  and  the  process  of  preparing  successively  sodium  chroma te^ 
NajCr04,  sodium  dichromate,  NajCrjO;,  and  the  comparatively  insoluble 
and  easily  crystallizable  potassium  dichromate^  KsCr^O;,  which  being 
easily  obtained  in  a  state  of  purity  may  be  conveniently  used  for  the 
preparation  of  the  compounds  of  chromium,  has  been  already  described, 
x,Q  Chromium  trioxide^  CrO^  (chromic  anhydride),  crystalliz- 

Cr=o  ing  in  long  red  needles,  is  obtained,  as  we  have  seen,  when 

^  concentrated  sulphuric  acid  is  added  to  a  cold  concen- 

trated solution  of  potassium  dichromate.  , 

2  H2SO4  4-  KjCrA  =  2  KHSO4  +  2  CrOs  -h  HoO     yK 

It  may  be  purified  by  washing  on  asbestos  with  concentrated  nitric  acid 
and  drying  in  a  current  of  air  at  a  temperature  of  60®  to  80°.  When 
heated,  chromium  trioxide  volatilizes  slightly,  melts  at  180°,  and  decora- 
poses  at  250°,  evolving  oxygen  and  leaving  chromic  oxide,  CraOg.  At 
ordinary  temperatures  it  yields  oxygeh  to  oxidizable  substances,  igniting 
alcohol  and  even  ammonia. 

Concentrated  hydrochloric  acid  and  chromium  trioxide  react  with 
formation  of  chromic  chloride  and  liberation  of  chlorine. 


2  CrOs  -f  12  HCl  =  2  CrCls  +  6  H/)  -|-  3  Cl^ 

ff_0\- yjK)  Chromium  trioxide  is  readily  soluble  in  water  forming  a 
^-  0/  \o  solution  possessed  of  acidic  properties,  and  it  may  be  re- 
covered again  from  the  solution  by  evaporating  the  water.  Though  the 
combination  with  water  is  loose  and  unstable,  it  is  convenient  to  con- 
sider it  to  be  a  solution  of  chromic  acid,  H2Cr04,  analogous  to  the  solu- 
tions of  the  unstable  carbonic  acid  and  sulphurous  acid. 

Chromic  acid  has  strong  oxidizing  capacity,  acting  upon  sulphurous 
acid  with  formation  of  chromic  sulphate  and  water, 

2  H8Cr04  +  3  H^O,  =  Cr2(S04)3  +  5  H^O 

acting  upon  hydrogen  sulphide  to  form  chromic  oxide,  water,  and  sulphur, 

2  H2Cr04  +  3  H2S  =  CrA  +  5  H,0  +  S 

and  oxidizing  alcohol  to  aldehyde,  a  chromic  salt  being  formed  if  an 
acid  is  present. 

2  H,Cr04  +  3  QHaOH  +  3  H,S04  =  Q.^\{,0  +  Cr,(S04)8  +  8  H^O 
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When  the  solution  of  chromic  acid  is  treated  with  an  alkali  hydroxide, 
chromates  are  formed  which  vary  in  composition  according  to  the  pro- 
portions of  the  reagents.  Thus,  well-defined  potassium  chromates  may 
be  formed,  which  are  represented  by  the  symbols  KjCrO^,  K4Cr207, 
KjCrjOio,  which  correspond  respectively  to  chromic  add, 

H-OV^O 

H-oA^o 

and  to  the  polychromic  acids , 

H-0-C<g 
"><*  H-O-C.^ 

><8 

H-0-C<g 

none  of  which,  however,  has  ever  been  isolated.     All  solutions  of  chromic 
acid  yield  upon  evaporation  water  and  chromium  trioxide. 

Potassium  chromate,  K2Cr04,  is  obtained  in  yellow  crystals  when  a 
mixture  of  chromic  acid  and  potassium  hydroxide  in  suitable 
amount  is  evaporated, 

2  KOH  4-  HjCr04  =  K2Cr04  +  2  HjO 

or  when  potassium  hydroxide  is  added  to  a  solution  of  potassium 

dichromate, 

2  KOH  +  KjCraO;  =  2  K2Cr04  +  HjO 

^— 0\    A^       Potassium  dichromate,  Y^j^T^Oi,  crystallizing  from  solu- 
/^^^O   tion  in  large,  red,  triclinic  prisms,  fairly  soluble  in  water,  is 
\qj^  formed  when  chromic  acid  is  added  to  a  solution  of 
^    ^     potassium  chromate,  or  when  sulphuric  acid  or  any 
other  suitable  acid  is  added  in  proper  proportion  to  a  solution  of  potas- 
sium chromate. 

KaCrO*  +  H2Cr04  =  KoCr.O:  -f  HjO 
2  KsCr04  -f  H2SO4  =  K.^04  -f  KgCrjOr  -h  H^O 
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x^       Potassium  trichromate^  KjfCrgO|o,  crystallizing   in   dark 

IT— O-Ci^Q  red  prisms,  may  be  formed  in  similar  manner  from  potassium 

^  \  chromate,  or  from  potassium  dichromate,  by  the  action  of 

Cr/^  a  suitable  amount  of  acid. 
0/  The  polychromates  are  all  converted  to  chromates  by  the 

jf_0— Cr^^  action  of  a  suitable  amount  of  alkali  hydroxide,  the  change 
^  being  marked  by  the  transition  of  color  from  the  red  of  the 
polychromates  to  the  yellow  of  the  chromates.  The  reverse  change 
from  chromate  to  polychromate,  upon  addition  of  an  acid,  is  similarly  in- 
dicated by  the  change  from  yellow  to  red. 

Other  soluble  chromates  are  sodium  chromate y  Na8Cr04  •  10  H2O,  and 
sodium  dichromate,  NagCrjOy  •  2  H2O. 

Insoluble  The  insoluble  barium  chromate^  BaCr04,  and  the  insoluble 

Chzomates.  ig^d  chromate^  PbCr04  (chrome  yellow),  are  typical  of 
chromates  which  may  be  obtained  by  adding  soluble  chromates  to  solu- 
ble salts  of  certain  elements. 

BaClj  4-  K2Cr04  =  BaCi04  -f  2  KCl 
Pb(CsH30,)2  -f  KjCr04  =  PbCr04  +  2  K(C8H302) 

Such  chromates  are  likewise  precipitated  by  the  action  of  soluble  dichro- 
mates  upon  suitable  salts.  Thus,  potassium  dichromate  may  be  used  to 
precipitate  lead  chromate,  chromic  acid  being  formed  in  solution. 

Pb(C,H30,)2  4-  KaCr^O;  -f  HjO  =  PbCr04  +  H2Cr04  -h  2  KCCsHgO,) 

The  action  of  ammonium  sulphide  or  of  an  alkali  sulphide  upon 
potassium  chromate  or  any  other  chromate,  or  upon  chromic  acid  in 
solution,  is  peculiar  in  that  no  sulphide  is  formed,  but  chromic  hydrox- 
ide is  precipitated  while  sulphur  is  set  free. 

2  KjCrO*  -f  3(NH4)2S  +  8  H,0  =  2  Cr(0H)3  -f  4  KOH  -f  6  NH4OH  +  3  S 

„    ^     ,  Upon  treating  solutions  of  chromic  acid,  or  solutions  of 

Ada  and  chromates  to  which  an  acid  has  been  added,  with  hydrogen 

Perchromates.  ^j^Q^ide,  perchromic  acidy  HgCraOg,  of  fine  blue  color,  is  pro- 
duced in  solution,  and  may  be  gathered  by  shaking  in  ether,  but  it 
decomposes  with  more  or  less  rapidity.  From  perchromic  acid  have 
been  prepared  sodium  perchromate,  NajCrgOg,  potassium  perchromate, 
KfCrsOg,  and  several  similar  perchromates,  all  unstable  at  ordinary  tem- 
peratures. 
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Chlorine  Certain  chromium  compounds  containing  chlorine  may 

Derivativei.    aiso  be  formed. 

dv      >^  Upon  heating  potassium  dichromate  or  any  other  chro- 

C\/  %Q  mate,  or  chromic  acid  in  mixture  with  a  chloride  and  sul- 
phuric acid,  a  dark  red  volatile  liquid,  chromium  oxychioride  or  chromyl 
chloride^  CrOiClj,  decomposible  by  water,  distils. 

CrOsClg  -f  2  HjO  =  2  HCl  +  H^CrO* 


K— OV^  ^  Similarly  by  the  action  of  hydrochloric  acid  upon  potas- 
CI/  Ni>0  sium  dichromate  may  be  obtained  the  crystalline  salt  potas- 
sium chlorchromate^  KClCrOs,  which  may  be  regarded  as  intermediate 
between  potassium  chromate  and  chromyl  chloride  and  may  be  made 
by  adding  chromyl  chloride  to  a  saturated  solution  of  potassium  chloride. 

Chromium  is  obtained  by  reducing  with  carbon  or  aluminium 
chromic  oxide,  which  may  be  produced  by  heating  chromium 
trioxide^  formed  from  potassium  dichromate  by  the  action  of  sulphuric 
cccid, 

Chromous  chloride^  formed  by  the  action  of  hydrochloric  acid  upon 
chromium^  may  be  oxidized  to  chromic  chloride^  from  which  chromous 
chloride  may  again  be  obtained  by  reduction  with  zinc  or  hydrogen.  By 
cuting  upon  chromous  chloride  solution  with  sodium  hydroxide  chromous 
hydroxide  may  be  obtained^  which  gives  chromic  oxide  when  heated. 

Chromic  oxide  may  be  formed  by  heating  chromium  trioxide,  or  am- 
monium chromate,  or  chromyl  chloride. 

Chromic  hydroxide  is  formed  as  a  precipitate  from  solutions  of  chromic 
salts y  and  yields  water  when  heated  to  200^,  forming  chromic  oxy hydrox- 
ide, or  chromous  acid.  Chromic  hydroxide  recuts  with  cUkali  hydroxides 
to  form  chromites,  corresponding  to  chromous  acid. 

Chromic  chloride  is  formed  by  acting  upon  chromic  hydroxide  with 
hydrochloric  acid  or  by  heating  chromium  trioxide  with  hydrochloric  acid. 

Chromic  sulphate  is  formed  by  acting  upon  chromic  hydroxide  with 
concentrated  sulphuric  CLcid,  Chromic  sulphate  combines  with  ot/ur  sul- 
phates to  form  double  sulphates  known  as  chrome  alums. 

Sodium  chromate  may  be  obtained  by  heating  chromic  oxide  with 
sodium  carbonate  or  sodium  hydroxide,  and  other  chromates  may  be  simt- 
larly  formed. 

Chromium  trioxide  is  formed  by  acting  upon  a  dichromate^  such  as 
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potassium  dkhromate^  with  sulphuric  acid.  Chromium  trioxide  dissolves 
in  7vater,  forming  a  solution  of  chromic  acidj  which  acts  as  a  strong 
oxidizer. 

Potassium  chromate  is  obtained  by  the  interaction  of  potassium  hydroxide 
and  chromic  acid  or  potassium  dichromate.  Potassium  dichromate  is 
forpied  by  acting  upon  potassium  chromate  with  chromic  acidy  or  by  act- 
ing upon  potassium  chromate  with  sulphuric  acid.  Other  soluble  chromates 
and  dichromates  may  be  formed.  Barium  chromate  and  lead  chromate 
may  be  formed  as  precipitates. 

By  oxidizing  chromic  acid  with  hydrogen  dioxide  perchromic  acid^ 
which  gives  a  blue  color  with  ether ,  may  be  formed,  and  from  it  may 
be  prepared  unstable  perchromates. 

By  the  action  of  hydrochloric  acid  upon  potassium  dichromate  ^potassium 
chlorchromate  is  formed. 

Molybdenum,  Mo,  96.0 

Molybdenum  is  found  in  combination  in  several  rather  uncommon 
minerals  of  which  molybdenite ,  MoSg,  and  WMlfenite^  PbMo04,  are  the 
most  important.  By  roasting  molybdenite  and  extracting  the  residue 
with  ammonium  hydroxide  a  solution  is  obtained  which  when  evaporated 
leaves  molybdenum  trioxide,  M0O3. 

Molybdenum  may  be  obtained  by  passing  hydrogen  over  molybdenum 
trioxide  at  red  heat,  as  a  silver-white  metal,  hard,  more  infusible  than 
platinum,  unchanged  in  air  at  the  ordinary  temperature  but  oxidized 
finally  on  heating  to  molybdenum  trioxide.  It  is  attacked  by  concen- 
trated sulphuric  acid  and  by  nitric  acid. 

Molybdenum  trioxide,  MoO.,,  formed  when  molybdenum  or  the  min- 
eral molybdenite  is  roasted  in  air,  is  a  white  mass,  turning  yellow  on  heat- 
ing, fusible  at  red  heat,  insoluble  in  water  and  unaffected  by  acids,  but 
acted  upon  by  alkali  hydroxides  and  by  ammonium  hydroxide. 

From  such  solutions  nitric  acid  separates  a  hydroxide  MoO(OH)4, 
which  on  drying  gives  molybdic  acid,  H2M0O4.  Many  salts  of  moiybdic 
acid  are  known,  produced  by  mixing  molybdic  acid,  H2M0O4,  or  molyb- 
denum trioxide,  MoOg,  with  solutions  of  alkali  hydroxides  or  carbonates, 
or  by  acting  upon  molybdenum  trioxide  with  these  substances  in  a  state 
of  fusion.  The  molybdates  thus  produced  are  according  to  circuni-> 
stances  salts  of  molybdic  acid,  H;,Mo04,  or  of  derivative  poly  molybdic 
acids,  and  of  these  the  following  may  serve  as  types  :  K2Mo04,  Na2Mo04, 
( N H<)8Mo04,  K2M03O10  •  3  H,0,  Na2Mo40,3 •  6  H,0,  (N  H4)tfMoA4  •  4  HgO. 
While  molybdenum  trioxide,  M0O3,  *i^d  molybdic  acid,  HaMo04,  are 
very  slightly  soluble  in  water,  they  are  attacked  by  many  free  acids,  the 
addition  of  such  acids  to  solutions  of  molybdates  producing  either  free 
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complex  acids  or  the  salts  of  such  complex  acids.  The  characteristic 
precipitate  o{  ammonium  phosphomolybdate^  (NH4)3P04  •  1 1  M0O3  •  6  H^O, 
obtained  when  sodjum  phosphate  is  added  to  a  large  excess  of  a  solution 
of  ammonium  raolybdate  in  nitric  acid,  is  one  of  the  many  known  complex 
phosphomolybdates  typical  of  the  salts  of  complex  acids. 

Mixtures  of  molybdic  acid  and  other  acids  are  affected  by  reducing 
agents.  When  zinc  acts  upon  such  a  solution  the  liquid  becomes  blue 
and  then  passes  through  various  stages  into  brown,  when  the  composi- 
tion of  the  molybdenum  compound  in  the  solution  corresponds  to  that 
of  molybdenum  sesquioxidey  M02O3,  which  may  be  obtained  in  anhydrous 
form  as  a  black  powder  by  reduction  of  molybdenum  trioxide  by  hydro- 
gen at  red  heat.  Violet  or  copper-brown  molybdenum  dioxieUy  MoOj, 
is  obtained  in  the  same  process  at  a  lower  temperature.  Between  molyb- 
denum dioxide  and  molybdenum  trioxide^  other  oxides,  MoaOi  and  MogO^i, 
less  sharply  characterized,  have  been  recognized. 

Other  characteristic  compounds  of  molybdenum  are  the  black,  cr5rstal- 
line  molybdenum  pentachloride^  MoCIa ;  the  brown,  crystalline  molybde- 
num tetrachloride^  M0CI4;  the  reddish  brown  molybdenum  trichloride^ 
M0CI3,  acted  upon  by  concentrated  sulphuric  acid  ;  the  yellow  molybde- 
num dichloride,  MoClj ;  tlie  molybdenum  oxychlorides^  MoOCl^  and 
MoOjClj;  the  lower  molybdenum  hydroxides^  corresponding  to  the 
chlorides ;  brown  molybdenum  trisulphide,  M0S3,  precipitated  by  hydro- 
gen sulphide  from  acidulated  solutions  of  molybdates ;  and  the  black 
molybdenum  disulphide,  MoS*,  native  as  well  as  artificial ;  and  the 
peculiar  and  complex  permolybdates  or  ozomolybdates,  suggestive  in  a 
degree  of  the  persulphates,  formed  by  the  action  of  hydrogen  dioxide 
upon  molybdic  acid  and  its  salts. 

Molybdenum  appears  in  compounds,  therefore,  with  valences  ranging 
ordinarily  from  two  to  six,  its  commonest  compounds  being  those  in 
which  molybdenum  is  sextivalent  and  in  which  it  is  a  constituent  of  the 
negative  ion. 

Tungsten,  W,  184 

Tungsten  is  found  combined  in  several  minerals,  chief  among  which 
are  7volframite,  (Mn,  Fe)\V04,  scheelite^  Ca\V04,  and  hiibnerite,  MnW04. 
Wolframite  fused  with  sodium  carbonate  and  a  little  sodium  nitrate  is  so 
decomposed  that  the  cooled  mass  yields  with  water  a  solution  of  sodium 
tungstate,  from  which  hydrochloric  acid  precipitntes  tungstic  acid,  which 
upon  ignition  changes  into  tungsten  trioxide,  WO.^. 

Tungsten  may  be  formed  as  a  brownish  black  to  gray  powder,  by  the 
action  of  hydrogen  upon  tungsten  trioxide  heated  to  bright  redness,  or 
in  massive  form  by  igniting  a  mixture  of  tungsten  trioxide  and  powdered 
aluminium,  with  liquid  air  added  to  accelerate  combustion  and  elevate  the 
temperature.  It  is  very  heavy,  difficultly  fusible,  malleable,  unchanged 
in  air  at  ordinary  temperatures,  but  burning  to  tungsten  trioxide  when 
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sufficiently  heated.  It  is  slowly  attacked  by  sulphuric  acid,  hydro- 
chloric acid,  hydrofluoric  acid,  or  aqua  regia,  and  a  mixture  of  hydro- 
fluoric acid  and  nitric  acid  attacks  it  vigorously.  Alkali  hydroxides  act 
upon  tungsten  with  evolution  of  hydrogen  and  formation  of  tungstaUs, 
in  which  sextivalent  tungsten  is  a  constituent  of  the  negative  ion. 

Tungsten  irioxide,  ^VOg,  obtained  from  tungsten  minerals,  precipi- 
tated from  hot  solutions  of  tungstates  by  nitric  acid,  or  produced  by 
burning  tungsten,  is  a  yellow  solid,  insoluble  in  water,  unaffected  by  acids, 
acted  upon  by  alkali  hydroxides  with  production  of  alkali  tungstates. 

From  cold  solutions  of  the  tungstates,  acids  precipitate  tungstic  acid^ 
H4WO5,  or  form  salts  of  polytungstic  acids.  Typical  tungstates  are 
the  normal  sodium  tungstate^  NaaW04  •  2  HjO,  the  so-called  sodium 
metatungstate,  Na2VV40i3  •  10  HjO,  and  the  salts,  NagWjoOgi  •  23  HjO, 
KioWij04i  •  10  HjO,  and  (NH4)ioVVi204i  •  6  HgO.  Complex  tungstates, 
salts  of  complex  acids  derived  by  combination  of  various  acids  with 
tungstic  acid,  are  also  characteristic,  such  as  the  phosphotun^states^ 
2  Na,0 .  PA  •  24  WO3  •  27  H,0,  and  3  (NH4)jO  •  PA  •  24  WO;,  •  29  HjO. 

Other  characteristic  compounds  of  tungsten  in  which  the  valence  of 
tungsten  is  two,  four,  or  six,  are  the  copper-colored  or  brown  tungsten 
dioxide,  WO2,  obtained  by  reducing  tungsten  trioxide  at  dull  red  heat  with 
hydrogen ;  the  tungsten  oxych/orides,  WOCI4  and  \VO2Cl2,  and  the  tung- 
sten chlorides^  WCle,  WCI3,  WCI4,  and  VVCI2.  The  specific  gravity  of 
tungsten  hexachloride,  WCl^,  at  350°  points  approximately  to  the  symbol 
given  ;  at  higher  temperatures  dissociation  is  marked. 

Tungsten  is  used  in  the  manufacture  of  tungsten  steel,  the  addition  of 
a  small  percentage  of  tungsten  increasing  much  the  hardness  of  the 
steeL 

Uranium,  U,  238.5 

Uranium  occurs  in  combination  chiefly  in  the  mineral  uraninite,  im- 
pure UgOg  (pitch  blende),  and  in  a  few  other  rare  minerals.  Uraninite 
yields  upon  treatment  wixh  aqua  regia  and  subsequent  extraction  with 
water  a  solution  from  which  hydrogen  sulphide  removes  impurities 
and  leaves  a  solution  from  which,  after  oxidation  with  nitric  acid,  am- 
monium hydroxide  precipitates  uranic  hydroxide  and  ferric  hydroxide. 
Digestion  of  this  precipitate  with  a  hot  concentrated  solution  of  ammo- 
nium carbonate  forms  a  solution  from  which,  after  filtering  aijd  cooling, 
may  be  crystallized  ammonium  uranyl carbonate^  2(NH4)2CO;,  •  UO2CO.H, 
which  upon  long  heating  at  300°  yields  uranic  oxide  or  uranium  trioxide^ 
UOs,  and  this  when  heated  in  hydrogen  yields  uranous  oxide  or  uranium 
dioxide^  UO2. 

Uranium^  silvery  white  and  heavy,  may  be  obtained  by  reducing 
uranium  trioxide  with  carbon  in  an  electric  furnace,  or  by  reducing  with 
sodium  uranous  chloride,  UCI4,  obtained  by  heating  uranium  dioxide  in 
hydrogen  chloride,  or  by  heating  crude  uranium  with  chlorine.     Ura- 
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niutn  burns  in  air  at  170®  when  in  fine  powder,  decomposes  water 
at  the  ordinary  temperature,  combines  with  nitrogen  at  1000°  to  form 
uranium  nitride,  and  with  carbon  in  an  electric  furnace  to  form  uranium 
carbide.  In  its  compounds  uranium  appears  as  a  positive  ion  with  a 
valence  of  IV  in  uranous  compounds,  and  with  a  valence  of  VI,  either 
as  a  positive  ion  or  as  a  constituent  of  a  negative  ion,  in  uranic  com- 
pounds or  uranyl  compounds,  or  in  uranates. 

Uranium  dioxide,  or  uranous  oxide,  UO^,  black  in  color  and  obtained 
by  reduction  of  the  higher  oxide  with  hydrogen,  is  acted  upon  by  hy- 
drochloric acid,  or  by  concentrated  sulphuric  acid,  with  formation  of 
green  solutions.  Characteristic  uranous  compounds,  all  of  green  tint, 
are  uranous  sulphate,  U(S04)j  •  8  Hj^O,  uranous  hydroxide,  U(OH)4, 
and  uranous  chloride,  UCI4,  obtained  as  shown. 

In  uranic  compounds  uranium  and  oxygen  act  together  as  a  bivalent 
group  to  which  the  name  uranyl  is  given.  Uranic  oxide,  UOj,  may  be 
obtained  as  a  yeflow  powder  by  treating  uraninite  with  nitric  acid, 
crystallizing  uranyl  nitrate,  UOg(NO;0«,  •  6  Hj,0,  from  the  sblution  thus 
obtained,  and  heating  the  uranyl  nitrate  to  250°.  From  a  solution  of 
uranyl  nitrate  sulphuric  acid  forms  the  less  soluble  and  crystalline 
uranyl  sulphate,  U0,S04  •  6  H.,0. 

In  solution  the  uranyl  salts  are  reducible  to  uranous  salts  by  suitable 
agents,  while  uranous  salts  are  easily  oxidized  to  the  uranic  salts. 

Sodium  hydroxide  and  potassium  hydroxide  act  u|X)n  solutions  of 
uranyl  salts  to  form  insoluble  sodium  diuranate,  NajUjOf,  and  potassium 
diuranate^  KjU^Oy,  respectively,  and  other  more  complex  polyuranates 
are  known.  So-called  peruranates,  formed  by  the  agency  of  hydrogen 
dioxide,  are  known. 

The  so-called  uranic  uranous  oxide,  UaOg,  is  formed  when  either 
uranic  oxide,  UO3,  or  uranous  oxide,  UQ»,  is  heated  strongly  in  air,  and 
may  be  regarded  as  a  uranous  uranate,  U(U04)2. 

Many  uranyl  compounds  show  fluorescence  in  high  degree,  and  the 
uranium  glass  colored  with  uranic  oxide,  UO3,  shows  this  effect. 
Uranous  oxide,  UO2,  stains  glass  and  porcelain  a  fine  black. 

Uranium  compounds  have  recently  been  the  subject  of  much  investi' 
gation  in  connection  with  the  phenomena  of  radio-activity.  The  obser- 
vation of  Becquerel  that  compounds  of  uranium  emit  rays  of  peculiar 
properties  has  led  to  the  discovery,  by  Mme.  Curi6,  of  the  element 
radium,  and  to  the  announcement  of  other  unconfirmed  elements  of 
similar  character,  such  as  polonium  by  Mme.  Curid,  actinium  by 
Debierne,  and  carolinium  by  Baskerville. 


CHAPTER  XVII 

SECONDARY  SERIES  — GROUP  YU 

Manganese,  Mn,  55.0 

Oroup  vff.  Manganese  occurs  native  in  small  amounts  associated 

Manganese,  ^j^j^  \^qj^  j^  meteorites.  It  is  principally  found,  however, 
in  combination  in  minerals,  from  which  the  element  may  be  obtained 
by  suitable  means.  Manganese  is  a  lustrous  white  metal,  oxidized 
superficially  in  moist  air,  slowly  decomposing  boiling  water,  acted  upon 
by  acids  with  the  formation  of  salts.  Manganese  forms  a  series  oxides 
and  hydroxides.  Corresponding  to  the  lower  oxides  and  hydroxides  we 
have  the  manganous  salts  and  the  manganic  salts  in  which  manganese 
is  a  positive  ion,  while  corresponding  to  the  higher  oxides  and  hydrox- 
ides are  the  manganites,  manganates^  and  permanganates ^  salts  in  which 
manganese  is  in  the  negative  ion.  Manganese  shows  a  maximum 
valence  of  VII,  although  in  some  compounds  it  has  a  valence  of  II, 
III,  IV,  or  VL 

Manganese,  Mn,  55.0 

Manganese  Manganese,  found  native  in  the  metallic  constituents  of 
Minerals.  meteorites^  occurs  in  combination  widely  distributed,  and 
chiefly  in  the  minerals  pyrolusite^  MnO^,  hausmanhitey  MngO^,  braunite, 
MnjOg,  manganite,  MnO(OH),and  rhodochrosite,  MnCOs.  The  metal, 
reducible  from  its  ores  by  carbon  or  better  by  aluminium,  is  of  minor 
importance.  It  is,  however,  a  component  of  various  alloys,  and  of  the 
iron- manganese  caxhides,  ferroma/tganese  and  spiegeleisen,  of  importance 
in  the  metallurgy  of  Bessemer  steel.  The  more  highly  oxidized  com- 
pounds of  manganese  are  useful  by  reason  of  their  capacity  to  yield  free 
oxygen,  and  indirectly  to  liberate  the  halogen  elements  from  their  com- 
pounds with  metals. 
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Manganese  is  separated  from  its  oxides  with  difficulty  by 
reduction  with  carbon,  and  easily  by  igniting  the  oxides  with 
powdered  aluminium.  It  is  a  slightly  magnetic  metal,  grayish  white  and 
of  brilliant  luster,  hard,  fusible  at  1900®,  of  specific  gravity  7.2  to  8.0, 
readily  oxidized  superficially  in  moist  air,  and  capable  when  finely 
divided  of  slowly  decomposing  boiling  water.  It  is  attacked  by  acids 
with  formation  of  manganous  salts,  in  which  it  appears  as  a  positive  biva- 
lent ion. 

Oxidea  and  Manganese  forms  compounds  which  may  be  regarded  as 

Hydrofcidea.      derivatives  of  various  oxides  and  hydroxides. 

Manganous  oxide,  MnO  Manganous  hydroxide,  Mn(OH)j 

Tri manganese  tetroxide,  Mn304  

Manganic  oxide,  MngOs  Manganic  hydroxide,  Mn(OH)i 

Manganese  dioxide,  Mn02  Manganous  acid,  HsMnO, 

Manganese  trioxide,  MnOs  [Manganic  acid,  H2Mn04]  * 

Manganese  heptoxide,  MnjOj  Permanganic  acid,  HMnO^f 

*  Represented  by  compounds.  f  Known  in  solution. 

Corresponding  to  manganous  oxide,  MnO,  and  to  manganous  hydrox- 
ide, Mn(0H)2,  are  the  manganous  salts  in  which  manganese  is  a  biva- 
lent positive  ion ;  corresponding  to  manganic  oxide,  MnjOj,  and  to 
manganic  hydroxide,  Mn(0H)3,  are  possibly  a  few  manganic  salts  in 
which  manganese  is  a  trivalent  positive  ion.  Corresponding  to  man- 
ganese dioxide,  MnOj,  and  manganous  acid,  H2Mn03,  there  are  a  few 
unstable  salts  in  which  manganese  is  a  quadrivalent  positive  ion,  and 
the  manganites,  in  which  quadrivalent  manganese  appears  in  the  negative 
ion.  Corresponding  to  manganese  trioxide,  MnOg,  and  to  the  unknown 
manganic  acid,  H2Mn04,  are  certain  manganates,  in  which  sextivalent 
manganese  is  a  part  of  the  negative  ion.  Corresponding  to  manganese 
heptoxide,  Mn207,  and  to  permanganic  acid,  HMn04,  known  only  in 
solution,  are  the  permanganates,  in  which  septivalent  manganese  is  a 
constituent  of  the  negative  ion. 

Metallic  manganese  is  not  a  common  commercial  or 
o/lfanga-'*  laboratory  product,  and  for  the  preparation  of  pure  manga- 
nous Car-  jjggg  salts  it  js  usual  to  have  recourse  to  the  native  oxides, 
bonate.  ' 

hydroxides,  or  carbonates,  from  which  crude  manganese  salts 

may  be  made  and  subsequently  purified. 
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When  the  mineral  rhodochrosiie,  MgCOj,  is  treated  with  hydrochloric 
acid,  crude  manganous  chloride^  MnClg,  is  formed  in  solution. 

MnCO,  -h  2  HCl  =  MnCl,,  +  COj  -h  H,0 

Crude  manganous  chloride  may  be  similarly  formed  by  acting  upon 
pyrolusite,  MnOj,  or  upon  any  oxide  or  hydroxide  of  manganese,  with 
hydrochloric  acid. 

MnOs  -h  4  HCl  =  MnCls  +  2  H^O  +  CI, 

When  the  solution  of  crude  manganous  chloride  thus  prepared  is  treated 
with  a  relatively  small  amount  of  sodium  carbonate,  a  precipitate  is 
formed  which  consists  largely  of  manganous  carbonate,  MnCOa.  If  now 
the  liquid  containing  the  precipitate  in  suspension  is  boiled,  many  of 
the  salts  which  contaminate  the  manganous  chloride,  such  as  aluminium 
chloride,  chromic  chloride,  ferric  chloride,  and  others,  react  with  the 
manganous  carbonate  to  form  precipitates  of  the  corresponding  hydrox- 
ides, which  may  be  removed  by  filtration.  In  the  solution  thus 
obtained,  ammonium  sulphide  forms  a  precipitate  of  manganous  sulphide 
and  other  sulphides,  and  this  when  treated  with  dilute  hydrochloric  acid 
forms  manganous  chloride,  leaving  behind  other  insoluble  sulphides,  such 
as  the  sulphides  of  copper,  nickel,  or  cobalt,  if  they  are  present. 

Filtered  from  this  precipitate,  and  boiled  to  expel  hydrogen  sulphide, 
the  solution  of  manganous  chloride  yields,  when  treated  with  sodium 
carbonate,  pure  manganous  carbonate, 

MnCla  4-  NajCOs  =  MnCOs  -f  2  NaCl 

which  when  washed  free  from  sodium  chloride  and  excess  of  sodium 
carbonate  may  serve  as  a  starting  point  for  the  preparation  of  pure 
manganese  salts. 

Manganoat  Of  ^^  manganous  compounds  manganous  oxide,  manga- 

Compounds,     nous  hydroxide,  manganous  chloride,  manganous  sulphate, 

manganous  nitrate,  manganous  carbonate,  and  manganous  sulphide  are 

typical, 

Manganous  oxide,   MnO,   greenish   and    amorphous,   is 

"~  produced  when  manganous  carbonate  is  heated  out  of 

contact  with  air. 

MnCOa  =  MnO  +  CO2 
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It  is  also  produced  when  manganese  dioxide  or  any  other  high 
oxide  of  manganese  is  heated  in  hydrogen. 

MnO,  -f  H,  =  MnO  -f  H,0 

0~H         Manganous  hydroxide^  Mn(0H)2,  voluminous  and  white, 
"^"     is  precipitated  when  sodium  hydroxide  or  other  alkali 

hydroxide  is  added  to  a  solution  of  manganous  chloride,  or  other 

manganous  salt. 

MnClj  +  2  NaOH  =  Mn(OH)«  -h  2  NaCl 

Ammonium  hydroxide  produces  partial  precipitation  of  manganous 
hydroxide  from  solutions  of  manganous  salts,  but  the  presence  of  a 
sufficient  amount  of  ammonium  salt  prevents  the  reaction,  which  is 
reversible  and  in  equilibrium  when  the  manganous  salt  and  ammonium 
hydroxide  are  the  only  reagents  originally  present. 

MnCl,  4-  2  NH40H:5±:Mn(OH),  -|-  2  NH4CI 

Manganous  hydroxide  oxidizes  rapidly  when  exposed  to  air  with  forma- 
tion of  brown  manganic  hydroxide,  Mn(0H)8. 

Cl  Manganous  chloride^  MnCl,,  is  obtained  in  solution  when 

^^       ■  manganous  carbonate  is  acted  upon  by  hydrochloric 

^^^^-  MnCOs  -f  HCl  =  MnCla  -f  H,0  -f  CO, 

From  the  solution  the  hydrated  manganous  chloride,  MnCU  •  4  HjO, 
may  be  obtained  in  rose-red  crystals,  which  lose  their  water  of  crystal- 
lization when  heated,  the  salt  becoming  partially  decomposed  by 
hydrolysis.  Manganous  chloride  forms  with  ammonium  chloride  the 
double  salt  MnClj  •  2  NH4CI  •  HgO,  which  when  ignited  forms  the 
anhydrous  manganous  chloride. 

J'  '0\«>^        Manganous  sulphate,  MnS04,  is  obtained  in  solution  by 


<: 


S^/  %^    acting  with  dilute  sulphuric  acid  upon  manganous 
carbonate. 

MnCOs  +  H2SO4  =5  MnSO^  +  HjO  -f  CO2 

It  crystallizes  below  6°  as  MnS04  •  7  H2O,  at  the  ordinary  air  tem- 
perature as  MnS04  •  5  HoO,  and  above  25°  as  MnS04  •  4  H2O.  Upon 
heating  the  hydrous  manganous  sulphates  to  a  moderately  high  tem- 
perature, MnS04  •  HjjO  is  formed,  which  is  stable  until  a  temperature 
of  280°  is  reached.  Manganous  sulphate  forms  double  sulphates  with 
alkali  sulphates,  such  as  MnS04  •  KgS04  •  6  H^O. 
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jg.     0-NOs  Manganous    nitrate^   Mn(N08)2,   is    produced    when 

0— NOa       dilute  nitric  acid  acts  upon  manganous  carbonate. 

MnCOa  +  2  HNO3  =  Mn(N03),  +  H^O  +  COj 

From  the  solution  containing  nitric  acid  concentrated  by  evapo- 
ration at  the  ordinary  temperature  the  hydrous  manganous  nitrate, 
Mn(N03)2  •  6  HjO,  may  be  separated  as  colorless  crystals,  deliquescing 
in  air,  melting  at  a  moderate  temperature,  and  defcomposing  at  higher 
temperatures  with  formation  of  nitrogen  tetroxide  and  manganese 
dioxide. 

0    g   Q  Manganous  carbonate^  MnCOa,  found   native  as  the 

^  mineral  rhodochrosite^  is  precipitated  as  a  white  powder 

when  ammonium  carbonate  or  an  alkali  carbonate  is  added  tp  a  solution 
of  a  manganous  salt.  It  may  be  preserved  for  some  time  unchanged 
under  water  and  out  of  contact  with  the  air,  turning  brown  by  oxidation 
when  exposed  to  air. 

MnCls  +  (NH^sCOj  «  MnCOg  +  2  NH4CI 

Manganous  sulphide^  MnS,  is  formed  as  a  finely  divided 

""  pink  precipitate  when  ammonium  sulphide  or  an  alkali 

sulphide  is  added  to  a  solution  of  manganous  chloride  or  other 

manganous  salt,  and  as  a  green  precipitate  when  the  manganous  salt 

is  added  to  a  boiling  solution  of  ammonium  sulphide. 

MnCla  +  (NH4),S  =  MnS  +  2  NH4CI 

A  gray  hydrous  manganous  sulphide,  3  MnS  •  HgO,  is  also  sometimes 
formed.  Manganous  sulphide  is  acted  upon  by  acids  and  is  formed 
only  incompletely  or  not  at  all  when  hydrogen  sulphide  is  passed  into 
solutions  of  manganous  salts. 

Manganic  Of  the  manganic  compounds^  manganic  oxide^  manganic 

Compounds,  hydroxide,  manganic  sulphate,  and  unstable  manganic  chlo- 
ride are  typical. 

J-  _Q  Manganic  oxide,  MnaOa,  occurs  as  braunite  in  dark  brown 

>0  crystals,  and  may  be  obtained  as  a  brown  or  black  powder 

^  by  igniting  manganese  dioxide  or  other  oxides  of  man- 

ganese to  redness  in  air  or  oxygen,  or  by  heating  the  artificially  pre- 
pared manganic  hydroxide,  or  the  native  manganite,  (MnO)OH. 

4  MnO^  =  2  MuaOg  4-  Oa 
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,Q__         Manganic  hydroxide,  Mn(0H)3,  is  formed  by  the  action  of 
jfn— 0— H     the  air  upon  a  solution  of  manganous  chloride,  ammo- 
nium chloride,  and  ammonium  hydroxide. 

4  MnCl,  +  8  NH4OH  -h  2  H2O  +  O,  =  4  Mn(OH),  +  8  NH4CI 

Derived  oxyhydroxides  are  represented  by  the  mineral  manganiiey 
(MnO)OH. 

Unstable  Treated   with   appropriate  acids,   manganese   hydroxide 

Manganic  apparently  forms  a  few  unstable  and  easily  hydrolyzed  salts ; 
Salts.  ^^  ^qJ^   hydrochloric  acid  a  brown  solution  is  obtained 

which  may  contain  the  unstable  manganic  chloride  or  manganese  tri- 
chloride, MnCls ;  with  sulphuric  acid  a  dark  green  liquid  results,  from 
which  may  be  separated  manganic  sulphate,  Mn2(S04)3,  deliquescing  in 
ordinary  air  to  a  violet  solution  with  immediate  hydrolysis  to  manganic 
hydroxide  and  sulphuric  acid ;  and  with  hydrofluoric  acid  is  obtained  a 
dark  red  solution  of  manganic  fluoride  or  manganese  trifluorid^,  Mn  Fs, 
the  least  easily  hydrolyzed  of  the  manganic  salts,  crystallizing  in  dark  red 
crystals,  and  forming  double  salts  such  as  2  KF  •  MnFs  •  2  HjO. 

ManganBae  ^f  ^^^  compounds  of  quadrivalent  manganese,  manganese 

Dtoxt(t9,  dioxide,  manganous  acid,  and  calcium  manganite  are  typical, 

ttanganouM 

Acid:  Man-  Manganese  dioxide,  Mn02  (manganese  peroxide),  occurs 

ganatea.  ^  ^j^g  commonest  of  manganese  minerals,  pyrolusite,  in  dark 

^  masses  or  in  black  crystals,  and  may  be  made  by  heating 

manganous  nitrate  to  about  160°. 


KS 


MnCNOs),  =  MnOa  +  2  NO, 

Manganese  dioxide  is  not  acted  upon  by  nitric  acid.  Concentrated 
sulphuric  acid  acts  upon  it  to  form  manganic  sulphate,  Vix^J,^^^^  and 
oxygen.  Manganese  dioxide  is  acted  upon  by  hydrochloric  acid  with 
formation  of  manganous  chloride,  and  evolution  of  chlorine  under  ordi- 
nary conditions.  It  is  probable  that  at  low  temperatures  manganese 
tetrachloride,  MnCl4,  may  be  formed  in  this  manner. 

MnO,.  4-  4  HCl  =  MnCl,  -f  CI,  +  2  H,0 

Although  this  reaction  has  been  largely  used  in  the  past  for  the  produc- 
tion of  chlorine  for  industrial  purposes,  it  is  at  present  somewhat  dis- 
placed by  electrolytic  methods. 
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jy_0  Manganous  acid,  HjfMnOg  (hydrated  manganese  diox- 

^~^  "  ide),  is  obtained  when  sodium  hypochlorite  is  added  to 
a  solution  of  manganous  sulphate  or  other  manganous  salt,  and  by 
many  other  reactions  in  which  a  suitable  oxidizing  agent  acts  upon  a 
manganous  salt. 

MnS04  +  NaClO  +  2  H,0  =  HjMnOg  +  NaCl  -h  H,S04 

It  possesses  acidic  properties  and  enters  into  action  with  other  sub- 
stances forming  manganites. 

Upon  the  formation  of  a  manganite  depends  the  regeneration  of 
oxidizing  power  in  the  residues  from  the  manufacture  of  chlorine  by  the 
Weldon  process.  When  to  the  solution  of  manganous  chloride  remain- 
ing after  the  action  of  hydrochloric  acid  upon  manganese  dioxide,  milk 
of  lime  is  added,  and  air  is  forced  through  the  warmed  mixture,  calcium 
manganite,  CaMnOg,  is  precipitated  as  a  black  mud  which  may  be  settled 
out  of  the  liquid. 

2  MnClj  -h  2  Ca(0H)2  +  2  O.  =  2  CaMnOg  +  2  CaClj  +2  HgO 

When  the  calcium  manganite  is  treated  with  hydrochloric  acid,  chlorine 
is  evolved,  and  the  remaining  solution  contains  manganous  chloride, 
which  may  be  used  as  before. 

'    CaMnOg  +  6  HCl  =  CaClj  +  MnCl^  +  3  H2O  +  CI, 

H11SO4  Tri manganese  tetroxide,  MngO^,  occurs  crystallized  as  the 

mineral  hausmannite,  and  may  be  obtained  as  a  dark  brown  powder 
or  reddish  brown  powder,  according  to  conditions,  by  strong  ignition 
of  manganese  dioxide  or  other  oxide  of  manganese. 

3  MnOj  =  Mn304  +  O2 

It  may  be  regarded  as  manganous  manganite  of  the  type 

a  view  which  gains  confirmation  in  the  fact  that  this  oxide  when  treated 
with  dilute  sulphuric  acid  forms  one  equivalent  of  manganese  dioxide  to 
two  equivalents  of  manganous  sulphate. 

Mn304  -h  2  H2SO4  =  2  MnS04  +  MnO,  +  2  H^O 


Manganic  oxide,  Mn^,  may  likewise  be  represented  is  j 
*  manganous  manganile  of  the  type 

Upon  this  plan  the  native  manganese  hydroxide,  manganite,  might  1>: 
represented  by  the  symbol  /Ov 

H-OX 


I 
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By  the  action  of  chlorine  upon  potassium  manganate  a  still  larger 
amount  of  potassium  permanganate  is  formed, 

2  K2Mn04  H-  CI,  =  2  KMn04  -h  2  KCl 

and  ozone  acts  similarly  upon  potassium  manganate. 

2  K2Mn04  +  03  +  H2O  =  2  KMn04  -j-  2  KOH  +  O2 

Potassium  permangatiaie,  KMn04,  fairly  soluble  and  easily  obtained 
in  the  form  of  dark  red  crystals,  is  a  strong  oxidizer  and  is  valuable  as 
a  disinfectant.  Potassium  permanganate  will  act  upon  sulphurous  acid 
to  form  manganous  sulphate,  potassium  sulphate,  sulphuric  acid,  and 
water, 

5  Hj^Og  +  2  KMn04  =  2  MnS04  +  KjS04  +  2  HjS04  +  3  H^O 

and  upon  ferrous  sulphate  in  presence  of  sulphuric  acid,  to  form 
manganous  sulphate,  ferric  sulphate,  potassium  sulphate,  and  water. 

loFeSO*  +  2KMn04  +  8  H3SO4  =  2  MnS04  +  5Fea(S04)8  +  K«S04  +  8  H2O 

The  reaction  of  potassium  permanganate  upon  neutral  salts  in  solutions 
containing  an  alkali  hydroxide  or  alkali  carbonate  does  not  proceed  so 
far,  manganous  acid  instead  of  manganous  sulphate  being  largely  an 
end  product.  This  is  the  case,  too,  in  the  curious  reaction  which  takes 
place  when  potassium  permanganate  acts  upon  a  dilute  solution  of 
manganous  sulphate  or  other  manganous  salt. 

3  MnS04  4-  2  KMn04  +  7  H.,0  =  5  HgMnOs  +  K2SO4  +  2  H2SO4 

Permanganic  acid^  HMn04,  is  formed  in  solution  by  interaction  of 
permanganates  with  acids. 

A^  Manganese  heptoxide^  Mn207,  is  separated  as  a  dark,  oily 

*N^o  liquid  when  very  cold  concentrated  sulphuric  acid  is  added 

y>0  to  dry  potassium  permanganate.     On  warming,  dark  violet 

Mn^O  vapors  form  which  when  heated  are  explosive.    Mere  contact 

^^  with  oxidizable  material  frequently  decomposes  manganese 

heptoxide,  with  flame  if  the  oxidizable  material  is  inflammable. 

Compounds  of  manganese  find  extended  use  :  the  metal  in  alloys  and 
inferromanganese  or  spiegeleisen ;  manganese  dioxide  in  the  preparation 
of  chlorine,  in  glass  manufacture,  to  counteract  the  color  of  ferrous  com- 
pounds, and  in  electrical  cells,  such  as  the  Leclanch^  cell;  perman- 
ganates as  oxidizers  and  disinfectants. 
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Manganese  is  separated  from  the  native  manganese  oxides 
by  reduction  with  carbon  or  powdered  aluminium.  By  act- 
ing upon  native  manganese  carbonate  or  manganese  dioxide  with  hydro- 
chloric acidf  manganous  chloride  is  formed^  which  may  be  purified  by 
appropriate  means ^  and  used  as  a  source  of  manganese  compounds. 

Manganous  oxide  is  made  by  heating  manganous  carbonate  out  of  con- 
tact with  air^  or  by  reducing  manganese  dioxide  ivith  hydrogen,  Man- 
ganous hydroxide  is  precipitated  when  a  soluble  hydroxide  is  added  to  a 
solution  of  manganous  chloride,  Manganous  chloride  is  obtained  by 
acting  upon  manganous  carbonate  with  hydrochloric  acid.  Manganous 
sulphate  is  obtained  by  acting  upon  manganous  carbonate  with  dilute 
sulphuric  acid,  Manganous  nitrate  is  produced  by  the  action  of  dilute 
nitric  acid  upon  manganous  carbonate,  Manganous  carbonate  is  found 
native,  Manganous  sulphide  is  precipitated  when  ammonium  sulphide  or 
an  alkali  sulphide  acts  upon  manganous  chloride^  or  other  manganous  salt 
in  solution. 

Manganic  oxide  is  obtained  by  heating  manganese  dioxide  or  manganic 
hydroxide  in  air  or  oxygen.  Manganic  hydroxide  is  obtained  by  the 
action  of  air  upon  a  solution  of  manganous  chloride^  ammonium  chloride^ 
and  ammonium  hydroxide.  By  the  action  upon  manganic  hydroxides  of 
appropriate  acids,  unstable  and  easily  hydrolyzed  manganic  salts ^  such  as 
manganic  chloride,  manganic  sulphate,  and  manganic  fluoride,  may  be 
obtained. 

Manganese  dioxide  is  found  native,  and  may  be  made  by  heating  man- 
ganous nitrate,  Jt  is  attacked  by  acids,  with  formation  generally  of  man- 
ganous salts,  Manganous  acid  is  formed  by  oxidizing  manganous 
sulphate  with  sodium  hypochlorite.  Certain  manganites,  such  as  calcium 
manganite,  corresponding  to  manganous  acid,  are  also  known, 

Trimanganese  tetroxide  is  found  native,  and  may  be  made  by  strongly 
heating  manganese  dioxide  or  other  manganese  oxides. 

Potassium  manganate  may  be  made  by  heating  manganese  dioxide  with 
potassium  carbonate  and  potassium  chlorate  or  other  oxidizer. 

Potassium  permanganate  is  made  by  acting  upon  potassium  manganate 
7vith  sulphuric  acid  or  with  boiling  water,  or  with  chlorine,  and  is  a 
strong  oxidizer.  Manganese  heptoxide  is  formed  by  the  action  of  concen- 
trated sulphuric  acid  upon  potassium  permanganate. 


CHAPTER  XVIII 
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I.    THE   IRON   ELEMENTS 

Iron,  Fe,  55.9 

Nickel,  Ni,  58.7 

Cobalt,  Co,  59.0 

The  elements  of  the  first  subdivision  of  Group  VIII  of  the 

Oroup  ¥111.  ^ 

Th'0  Iron  Eig-  secondary  series,  the  Iron  Elements^  iron,  nickel,  cobalt,  are 
mwu.  bright,  silvery,  lustrous  metals,  fusible,  volatile  only  at  very 

high  temperatures,  strong,  malleable,  ductile,  and  of  moderate  specific 
gravities.  Iron,  as  we  know  it  in  ordinary  life,  is  "  rusted  "  in  dry  air 
very  slowly,  but  rapidly  in  moist  air,  while  nickel  and  cobalt  are  but 
little  affected  under  similar  conditions. 

Iron,  somewhat  impure  as  ordinarily  produced,  being  combined  with 
carbon,  silicon,  phosphorus,  and  sulphur  in  varying  amounts,  has  a  very 
wide  industrial  application  in  the  different  forms  of  cast  iron,  wrought 
iron,  and  steel.  Nickel  is  used  to  plate  articles  of  copper  or  iron,  and 
in  alloys. 

Iron,  nickel,  and  cobalt  generally  combine  as  positive 
ions,  each  forming  oxides  and  hydroxides.  Iron  forms 
ferrous  salts,  corresponding  to  ferrous  oxide,  FeO,  and  ferric  sai^, 
corresponding  to  ferric  oxide,  Fe-jOg,  and  salts  of  the  one  class  may  be 
readily  changed  into  salts  of  the  other  class.  Nickel  and  cobalt  form 
salts,  the  more  common  of  which  correspond  generally  to  the  lower 
oxides  of  these  elements,  NiO  and  CoO. 

The  prevailing  valence  of  iron  is  II  in  the  ferrous  compounds,  and  III 
in  the  ferric  compounds,  while  nickel  and  cobalt  generally  show  a  valence 
of  II  in  their  salts,  only  rarely  having  a  valence  of  III. 
Occurrence  Iron  is  one  of  the  most  common  of  metals,  being  found 

of  Iron.  native  in  very  small  amounts  in  meteorites  and  certain  vol- 
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minerals,  from  which  it  has  been  obtained  for  industrial  purposes  s:r.rr 
prehistoric  limes.  Most  rocks  contain  compounds  of  iron,  and  red  ar.  ■ 
yellow  soils  take  their  color  from  iron  compounds  more  or  Its  ac'.ej 
upon  by  atmospheric  agencies.  Some  mineral  waters  charged  »ii:; 
compounds  of  iron  are  known  as  "  chalybeate  waters." 
ItOQ  Of  the  many  minerals  of  which  iron  is  a  constituent,  or^'v 

MHw'''*-  the  richer  and  more  easily  worked  are  used  as  ores.  >■' 
these  the  chief  are  hematite,  FcjOj  (specular  ore,  micaceous  ore),  d^-i 
gray  crystals,  or  deep  red  compact  masses  ;  limoniu,  Fe,03(0H)b  ir. : 
other  forms  of  hydrated  iron  oxide  (brown  hematite,  bog  iron  ore  . 
black  to  yellow  brown  ;  magnetite,  FejO^  (magnetic  iron  ore),  crystal; -^ 
or  massive,  black  or  dark  brown,  magnetic  ;  frankiinite,  simihr  to  nia;- 
netite,  but  containing  zinc  and  manganese  ;  and  siiierite,  FeCO^  (spairjv 
ore,  ironstone),  yellow  to  brown,  with  pearly  luster.  Another  in  z. 
mineral,  pyrite,  FeSi  (iron  pyrites,  fool's  gold),  is  used  iu  the  manuii.:' 
turc  of  sulphuric  acid. 

In  the  United  Slates  the  iron  ore  deposits  are  widely  distributed  ai:i 
abundant.  The  red  hematite  ores,  which  are  the  most  importaut.  i.-? 
found  in  the  Lake  Superior  region,  particularly  in  northern  Michigan,  n 
Alabama,  in  Missouri,  and  elsewhere.  The  limonite  or  brown  bemai:*; 
ores  are  found  in  Alabama  and  other  Southern  states.  Magnetite  orr- 
are  found  in  New  York,  Pennsylvania,  and  New  Jersey,  and  in  Michici'. 
The  siderite  ores  are  found  associated  with  clays  in  several  localtiiri. 
Next  to  those  in  the  United  States,  the  greatest  iron- producing  regions 
are  in  Great  Eritain,  while  Germany  ranks  high  as  an  iron-producir: 
country. 

The  iron  ores  are  readily  reduced  by  heating  with  carbon,  with  forrr:- 
tion  of  impure  iron.  Under  the  present  conditions  an  iron  ore  depo>.'. 
to  be  profitably  developed,  must  be  situated  near  accessible  sources  ii 
coal  and  limestone  required  for  fluxing,  or  it  must  be  so  situated  that  L^t 
crude  ore  may  be  cheaply  transported  to  the  furnaces.  The  manufi:- 
ture  of  the  dilTerent  varieties  of  iron  and  steel  from  the  crude  iron  or« 
is  one  of  the  world's  greatest  modern  industries. 

HiclMl  and  Nickel  and  cobalt  are  found  native  in  small  amonnE  ^^ 

Cobalt.  meteorites.      The  principal  ores  of  nickel  and  coba][  it 

gamieiile,  a  nickel  magnesium  silicate ;  pyrrhotile,  a  complex  magoci ' 
iron  sulphide ;    and  chalcopyriu,  a  sulphide  of  copper  and  iron,  k^ 


SECONDARY   SERIES  — GROUP  VIII -^  IRON  461 

taining  also  nickel  and  cobalt.  Other  nickel  minerals  are  nUcoiite, 
NiAs,  and  gersdorffite^  NiAsS ;  while  common  cobalt  minerals  are 
smaltite^  CoAst,  and  cobaltite^  CoAsS.  In  the  United  States  the  most 
important  mine  of  nickel  and  cobalt  is  in  Lancaster  Gap,  Pennsylvania, 
while  the  principal  foreign  mines  of  these  elements  are  in  New  Caledonia, 
where  large  deposits  of  garnierite  occur^  and  in  Canada,  Norway,  and 
Sweden. 

Iron,  Fe,  55.9 

Redaction  of  When  hematite^  Fe^Oa,  or  magnetite^  ^^f^^t  is  heated  with 
Iron  Ores.       hydrogen,  water  is  formed  and  nearly  pure  iron  is  left  as 

a  residue,  ^ 

FeA  -h  3  H2  =  2  Fe  -h  3  HjO 

Fes04  +  4  Hj  =  3  Fe  -h  4  H,0 

and  these  same  oxides  may  also  be  reduced  by  heating  with  carbon, 
carbon  dioxide  and  iron  combined  with  some  carbon  being  formed. 

2Fe203  +  3C  =  4Fe  +  3CO, 
Fe804  4-2C  =  3Fe  +  2  CO, 

When  limonite  and  siderite  are  heated,  water  and  carbon  dioxide 
respectively  are  removed,  and  iron  oxides  remain  which  may  be  reduced 
by  hydrogen  or  carbon. 

For  the  preparation  oi  pure  iron^  ferric  oxide,  prepared  pure  from 
native  compounds  or  from  crude  iron,  may  be  reduced  by  hydrogen ; 
or  electrolytic  iron  may  be  deposited  from  certain  solutions  of  salts  of 
iron  under  regulated  conditions  of  the  electric  current. 

Iron  is  a  white  lustrous  metal,  ductile  and  malleable, 
very  tenacious,  of  specific  gravity  7.78,  melting  at  1800°, 
and  vaporizing  at  higher  temperatures.  When  finely  divided,  it  exists  as 
a  gray  powder.  It  is  attracted  by  the  magnet,  but  does  not  retain  its 
magnetism.  Iron  in  the  ordinary  compact  form  is  not  attacked  by  dry 
air,  though  in  moist  air  or  in  water  containing  dissolved  oxygen  it 
becomes  coated  with  a  reddish  brown  "rust,**  of  iron  oxide,  oxy- 
hydroxide,  or  hydroxide ;  but  alkali  hydroxides  or  carbonates  tend  to 
retard  the  process  of  rusting.  Finely  divided  iron  produced  by  reduc- 
tion in  hydrogen  at  low  heat  is  pyrophoric^  igniting  in  the  air  when 
gently  warmed ;  but  if  the  temperature  of  reduction  is  very  high,  the 
reduced  iron  is  not  pyrophoric. 


Iron  is  ordinarily  attacked  by  acids  with  evolution  of  hydrogen  --  ■- 
formation  of  sails.  When,  however,  a  piece  of  polished  iron  is  p]-:Ti^- 
for  an  instant  into  concentrated  nitric  acid,  and  then  removed,  it  is  c 
longer  acted  upon  by  ordinary  nitric  acid.  Iron  thus  treated  is  -.\;' 
to  be  in  the  passive  state,  but  such  iron  loses  this  peculiar  property  w:i7- 
it  is  brought  in  contact  with  ordinary  iron.  Iron  combines  with  s'ji;  :■ 
and  with  the  halogen  elements,  to  form  binary  corapounds- 
Pormsof  The  ordinary  forms  of  iron  employed  for  manu&ct;:... 

Iron.  and  building  purposes  contain,  besides  iron,  fixed  pro-- 

tions  of  carbon,  and  variable  amounts  of  other  elements,  such  as  fir;  ■?- 
phorus,  sulphur,  silicon,  manganese,  chromium,  and  sometimes  o\-:- 
metals,  held  in  the  iron  in  mechanital  mixture,  or  chemically  combir.c- 
Ordinary  pianoforte  wire  is  one  of  the  purer  varieties  of  commercial ::  : 
and  is  often  employed  in  laboratory  processes  requiring  nearly  pure  if  -_ 
The  proportion  of  carbon  chiefly  determines  the  hardness  and  tenst.r., 
and   other  physical  characteristics,  of  the  different  varieties  of  mi::;- 

factured   iron.     Cast  iron  is  very  brittle,  and   contain;  -•. 

much  as  a. 3  per  cent,  of  carbon,  all  chemically  combine!  ' 
the  white  varieties,  or  partly  combined  and  partly  in  the  form  of  graprj'r 
Wrought  '"  '^*^  '""'"^  common  gray  cast  iron.  Wrought  iron  conu  -- 
Iron  »nd  less  than  0.6  per  cent,  of  carbon,  while  in  steel  the  propor:  :. 

Steel.  qC  j-arbon  usually  lies  between  0,6  per  cent,  and  1.6  per  ctv- 

the  character  of  the  steel,  however,  depending  largely  upton  the  n.^:"-- 
and  proportions  of  the  other  constituents  present.  On  account  of  \'- 
toughness  and  durabiUty  iron  is  used  more  than  any  other  metal  in  :.- 
framework  of  houses  and  bridges,  in  the  hulls  of  vessels,  in  railroad  r.::  ^ 
in  firearms,  and  projectiles,  and  in  armor  plate. 

Iron  Nearly  all  the  compounds  of  iron  are  either  ferrvms  r.'r- 

CompoitiidB.    pounds  in  which  iron  is  a  bivalent  positive  ion,  or  jc'r. 
compounds  in  which  iron  is  a  trivalent positive  ion. 
Psrroui  Ferrous  compounds,  in  which  iron  is  a  bivalent  per:' 

Compound*,  ion,  are  obtained  by  acting  upon  iron  with  other  eiemem.  ■ 
with  acids,  or  thev  mav  be  prepared  from  other  ferrous  compoun.U.  ■ 
from  ferric  compounds. 

CI  Ferrous  chloride,    FeClj,    may  be   obtained    by   pa>-  - 

*■'  hydrogen  chloride  over  heated  iron.     It  is  a  wr 

substance,  fusible,  volatilizing  at  red  heat  to  form  leaflets  on  cooj  . 
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possessing  a  specific  gravity  at  1300°  to  1500°  corresponding  to  its  sym- 
bol, but  showing  at  a  lower  temperature  evidence  of  the  existence  of 
molecules  of  the  composition  FeaCl4. 

Ferrous  chloride  may  be  formed  in  solution  by  acting  upon  iron  with 
dilute  hydrochloric  acid,  hydrogen  being  evolved. 

Fe  -h  2  HCl  =  FeCl2,+  H2 

Upon  evaporating  out  of  contact  with  the  air  the  solution  thus  obtained, 
green  crystals,  deliquescent  and  easily  oxidizable,  are  obtained.  Upon 
standing  in  the  air,  a  solution  of  ferrous  chloride  takes  up  oxygen," 
darkens,  and  ultimately  a  h^sic  ferric  hydroxychloride  may  be  deposited. 
If  the  solution  contains  also  hydrochloric  acid,  the  product  of  the  action 
is  ferric  chloride. 

4  FeClj  +  4  HCl  +  O2  =  4  FeClg  -f-  2  HjO 

Other .  oxidizing  agents  produce  like  effects.  By  nitric  acid,  in 
presence  of  hydrochloric  acid,  ferrous  chloride  is  changed  to  ferric 
chloride,  with  the  simultaneous  formation  of  nitrogen  dioxide,  which 
combines  with  ferrous  chloride  to  form  in  solution  a  dark  brown  com- 
pound, approximately  FejClj  •  NO,  broken  up  by  heat,  or  by  further 
action  of  nitric  acid. 

6  FeCls  4-  2  HNO3  +  6  HCl  =  6  FeCls  +  4  HjO  +  2  NO 

Ferrous  chloride  may  be  formed  from  ferric  chloride  by  the  action  of 
suitable  reducing  agents,  such  as  nascent  hydrogen,  zinc,  iron,  hydrogen 
sulphide,  or  sulphurous  acid. 

2  FeClg  +  H2  =  2  FeClj  +  2  HCl 
2  FeClg  -h  Zn  =  2  FeClg  -h  ZnClj 
2  FeClg  -f-  Fe  =  3  FeCl^ 
2  FeClg  -h  HaS  =  2  FeClj  +  2  HCl  +  S 
2  FeCls  -h  H2SO3  -f-  H,0  =  2  FeCli  +  2  HCl  -h  H53O4 

With   alkali   chlorides  ferrous  chloride   forms   double  salts,  such  as 
FeClg  •  2  KCl  •  2  H2O. 
Ferrous  sulphate^  FeS04  (green  vitriol,  copperas),  may  be  made  by 

<0v    >j^      acting  upon  iron  with  dilute  sulphuric  acid,  hydrogen 
0/^0      being  evolved  in  the  process. 

Fe  -h  H2SO4  =  FeS04  +  H, 


FeS04  ■  7  HX)  are  obtained,  which  lose  six  eqiiivalenls  of  water  at  i  lu 
forming  white  FeSO,  ■  HjO,  from  which  the  remaining  vatcr  mij  J 
removed  by  heating  to  300'. 

When  ferrous  lulphate  in  solution  is  exposed  to  air,  a  basic  /eir, 

hydroxysulphale  is  precipitated, 

4  FeSO,  +  2  H,0  +  O,  =  4  Fa(0H)604 
-and  ciystallized  ferrouB  Bulphate  undergoes  similar  change  superficial 
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0— H         Ferrous  hydroxide^  Fe(OH)j,  may  be  best  obtained  by 
^~H      precipitation  from  solutions  of  other  ferrous  salts.     It  is 

formed  as  a  white  precipitate  when  ammonium  hydroxide  is  added 

to  a  solution  of  ferrous  chloride,  FeCl2, 

FeCl^  +  2  NH4OH  =.  Fe(0H)2  -f  2  NH4CI 

or  when  any  other  soluble  hydroxide  is  added  to  a  solution  of  a  ferrous 
salt  out  of  contact  with  the  air.  In  contact  with  the  atmosphere  the 
precipitate,  while  floating  in  the  liquid,  absorbs  oxygen  rapidly,  with 
corresponding  change  of  color  from  white  to  green  and  finally  to  red- 
dish brown,  becoming  changed  into  ferric  hydroxide.  Removed  from 
the  liquid  and  exposed  to  air,  it  is  instantly  oxidized. 

4  Fe(OH),  -h  2  H2O  +  O2  =  4  Fe(0H)8 

Ferrous  hydroxide  is  acted  upon  by  acids  with  formation  of  the 
corresponding  salts:  by  sulphuric  acid  with  the  formation  oi  ferrous 
sulphate,  FeS()4, 

Fe(OH)j  +  H2SO4  =  FeS04  +  2  HjO 
by  nitric  acid  with  formation  oi  ferrous  nitrate^  Fe(N03)2, 

Fe(OH)2  +  2  HNO3  =  Fe(N03)2  -h  2  HjO 
and  by  hydrochloric  acid  with  formation  of  ferrous  chloride,  FeClg, 

Fe(0H)2  +  2  HCl  =  FeCla  -h  2  HjO 

but  inasmuch  as  ferrous  hydroxide  is  so  sensitive  to  the  action  of  air, 
the  ferrous  salts  prepared  in  this  manner  are  never  quite  free  from  ferric 
salts. 

Pe=0  Ferrous  oxide,  FeO,  corresponding  to  ferrous  hydroxide, 

may  be  prepared  as  a  black  powder,  easily  oxidized  in  air  spontaneously 
or  when  warmed,  by  heating  ferric  oxide  to  300**  in  hydrogen,  or 
in  a  mixture  of  carbon  monoxide  with  carbon  dioxide  under  suitable 
conditions,  p^^^^  +  H^  =  2  FeO  +  H^O 

or  by  heating  ferrous  oxalate,  FeC204,  to  160°. 

FeC204  =  FeO  4-  CO  +  CO, 

y     0    fi_/>       Ferrous  carbonate,  FeCOg,  occurring  native  as  the  crystal- 

®  line  mineral  siderite,  is  precipitated,  white  and  voluminous, 

but  easily  oxidized  in  the  air  to  ferric  hydroxide,  Fe(OH)g,  when  an 

2H 
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alkali  carbonate,  such  as  sodium  carbonate,  is  added  to  the  solution 
of  a  ferrous  salt,  such  as  ferrous  chloride. 

FeCls  -h  NajCOs  =  FeCOa  -h  2  NaCl 

Pe=S  Ferrous  sulphide^  FeS  (iron  monosulphide),  falls  as  a  black 

precipitate  when  ammonium  sulphide,  or  an  alkali  sulphide,  is  added 
to  the  solution  of  a  ferrous  salt,  such  as  ferrous  chloride. 

FeClj  -h  (NH4),S  =  FeS  -h  2  NH4CI 

The  same  precipitate  is  formed,  mixed  with  sulphur,  when  ammonium 
sulphide  acts  upon  a  ferric  salt,  such  as  ferric  chloride. 

3  FeCla  +  3  (NH4)2S  =  2  FeS  +  S  +  6  NH4CI 
Ferrous  sulphide  is  attacked  by  acids  with  evolution  of  hydrogen  sulphide, 

FeS  +  2  HCl  =  HjS  -h  FeCl, 

and  this  reaction  is  utilized  in  the  laboratory  for  the  production  of 
hydrogen  sulphide.  The  ferrous  sulphide  is  prepared  for  this  purpose, 
however,  as  a  dark  gray  metallic  mass,  by  fusing  together  iron  and  sul- 
phur in  the  proper  proportions. 

<S  When  ferrous  sulphide  is  gently  heated  with  sulphur, 

8  iron  disulphide,  FeS2,  is  formed  as  a  yellow  crystalline  mass. 

FeS  -h  S  =  FeSs 

It  may  also  be  formed  by  passing  hydrogen  sulphide  over  ferric  oxide, 
Fe203,  or  ferric  chloride,  FeCls,  heated  to  redness.  It  is  found  native 
as  the  mineral  pyrite  (iron  pyrites,  or  fool's  gold),  which  occurs  as  hard, 
yellow  cubes  of  specific  gravity  4.95  to  5.1,  and  as  marcasite  (white  iron 
pyrites),  of  specific  gravity  4.85  to  4.9,  paler  in  color  than  pyrite.  Iron 
pyrites  is  largely  used  commercially  as  a  source  of  sulphur  and  in  the 
manufacture  of  sulphuric  acid,  yielding  sulphur  when  heated  out  of  con- 
tact with  the  air,  and  sulphur  dioxide  when  roasted  in  air. 

FeS2  =  FeS  -h  S 
4  FeSs  +  II  O2  =  2  FeA  +  SSOj 

Ferric  Ferric  compounds^  in  which  iron  is  a  trivalent  posidve 

Compounds.      {0^^  may  be  made  by  direct  combination  of  certain  elements 
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with  iron  or  with  ferrous  compounds^  or  they  may  be  prepared  from  other 

ferric  compounds ^  or  from  ferrous  compounds, 
/CJ  Ferric  chloride ^  FeClj,  may  be  obtained  in   anhydrous 

\C1  condition  by  passing  chlorine  over  heated  iron, 

2  Fe  +  3  CI2  =  2  FeCla 

or  by  passing  hydrogen  chloride  over  ferric  oxide.  - 

FcjOg  +  6  HCl  =  2  FeClg  -h  3  H,0     ^" 

*F<a«  tCb/f-NO,  i-4Hc£J»  t(Mfl£i^  ^W^o-ez/vo 

The  anhydrous  ferric  chloride  boils  at  280-285®,  ^^^  between  320°  and 
440®  its  specific  gravity  corresponds  to  the  molecular  symbol  Fe^Cl^, 
while  between  750°  and  1050°  the  specific  gravity  points  to  FeClg  as  the 
molecular  symbol,  although  at  this  temperature  some  of  the  molecules 
are  dissociated  into  FeClj  and  chlorine.  The  study  of  the  effect  of 
ferric  chloride  in  raising  the  boiling  points  of  alcohol  and  ether  when 
dissolved  in  these  respective  solvents  indicates  that  in  these  solutions 
ferric  chloride  has  a  molecular  weight  corresponding  to  the  symbol  FeClj. 

Ferric  chloride  dissolves  in  water  to  a  solution  of  brownish  yellow 
color  from  which,  according  to  conditions,  yellowish  or  reddish  crystals  of 
hydrous  ferric  chlorides,  FcaCle  •  1 2  HjO,  FejCl^  •  7  HgO,  FejCle  •  5  HgO, 
and  Fe2Cle  •  4  H2O  may  be  obtained.  A  similar  solution  and  similar 
salts  may  be  obtained  by  acting  upon  ferric  hydroxide  or  ferric 
oxide  with  hydrochloric  acid, 

Fe(0H)3  +  3  HCl  =  FeCla  -|-  3  H^O 
FeA  +  6  HCl  =  2  FeCls  -h  3  HjO 

or  by  acting  with  chlorine  upon  ferrous  chloride  in  solution. 

2  FeCl,  +  CI2  =  2  FeCla 

Ferric  chloride  in  solution  can  act  upon  ferric  hydroxide  in  varying 
amounts,  with  formation  of  dark-colored  solutions  oi  ferric  hydroxychlo- 
rides.  With  ammonia,  ferric  chloride  combines  to  form  FeCla  •  4  NHj, 
and  with  hydrogen  chloride  to  form  FeCla  •  HCl  •  2  H2O,  and  other 
similar  compounds  are  known.  With  other  chlorides  it  forms  double 
salts,  such  as  FeClg  •  2  KCl  •  H^O,  and  FeClg  •  MgClj  •  H2O. 

Suitable  reducing  agents,  such  as  nascent  hydrogen,  zinc,  iron,  hydro- 
gen sulphide,  and  sulphurous  acid,  reduce  ferric  chloride  to  ferrous 
chloride. 
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2  FeCls  +  Hj  =  2  FeCls  +  2  HCl 
2  FeCls  +  Zn  =  2  FeCl,  +  ZnCla 
2  FeClj  +  Fe  =  3  FeClj 
2  FeCls  +  HjS  =  2  FeClj  +  2  HCl  +  S 
2  FeCla  +  HjSOa  +  H^O  =  2  FeClj  -h  2  HCl  +  HjSO* 

/^Xg-^       Ferric  sulphate^  ^62(804)3,  left  as  a  white  mass  when  its 

\qv     \q  reddish  brown  solution  in  water  is  evaporated,  may  be 

0/^0  made  by  acting  upon  ferric  hydroxide  or  ferric  oxide 

i^«^0\s^  with  sulphuric  acid. 
\0/%0 

2Fe(OH)8  +  3H,S04  =  FcaCSO^s  +  6H,0 
.       FeaOa  +  3  H2SO4  =  Fe2(S04)8  +  3  H,0 

It  is  conveniently  produced  in  solution,  with  evolution  of  nitrogen 
dioxide,  when  nitric  acid  is  added  to  a  hot  solution  of  ferrous  sul- 
phate containing  free  sulphuric  acid. 


M      ^ 


6  FeS04  +  3  H2SO4  +  2  HNOs  =  3  Fe2(S04)s  +  4  HjO  -f-  2  NO 

Ferric  sulphate  may  also  be  made  by  acting  with  hot  concentrated 
sulphuric  acid  upon  iron, 

2  Fe  +  6  H2SO4  -  Fe2(S04)3  +  6  H2O  +  3  SO2 

or  upon  ferrous  sulphate, 

2  FeS04  +  2  H2SO4  =  Fe2(S04)8  +  2  HjO  +  SO, 

sulphur  4ioxide  being  formed  in  each  case. 

Ferric  sulphate,  Fe2(SO*)3,  decomposes  upon  being  heated,  forming 
ferric  oxide  and  sulphur  trioxide. 

Fe2(S04)8  =  Fe203  +  3  SO, 

Suitable  reducing  agents  change  ferric  sulphate  to  ferrous  sulphate. 

When  a  dilute  water  solution  of  ferric  sulphate  is  boiled,  various 
basic  ferric  hydroxy  sulphates  are  deposited,  and  similar  compounds 
occur  as  rare  minerals.  From  solutions  of  mixtures  of  ferric  sulphate 
and  other  soluble  sulphates,  double  salts  of  the  nature  of  alums  may 
be  obtained,  such  as  potassium  ferric  alum^  KFe(S04)2  •  12  H2O,  and 
ammonium  ferric  alum,  NH4Fe(S04)2  •  12  H2O.  The  double  salt 
FeS04  •  Fe2(S04)3  •  1 2  H^O  occurs  as  the  mineral  roemerite. 
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yo— HO*       ^^rric  nitrate^  Fe(N0s)8,  may  be  made  by  heating  iron 
■^•^-0— Noi  with   moderately  dilute   nitric  acid,  with  formation  of 
nitrogen  dioxide  chiefly, 


Fe  +  4HNO3  =  Fe(N03)8  +  NO  +  2  HjO 

or  by  the  action  of  ferric  hydroxide,  Fe(OH)s,  upon  nitric  acid. 

Fg(OH)3  +  3  HNO3  =  Fe(N03)3  +  3  H^O 

From  the  resulting  solution  colorless  deliquescent  crystals  of  the  com- 
position Fe(N03)3  •  6  HjO  may  be  obtained.  Several  basic  ferric  nitrates 
are  also  known.  When  ferric  nitrate  is  heated,  it  is  decomposed  with 
formation  of  ferric  oxide,  FegOs,  and  evolution  of  nitrogen  oxides. 

ys— CN         P^rric  suiphocyanate,  Fe[S(CN)]8,  in  blood-red  solution, 
-FSp— -S— CN    is  produced  when   potassium  suiphocyanate  is  added 
to  a   solution  of  ferric  chloride,  FeCls,  or  any  other 
ferric  compound.  * 

FeClg  -f  3  KCNS  =  Fe[S(CN)]3  -h  3  KCl 

Among  the  other  more  common  ferric  salts  may  be  mentioned 
ferric  fluoride y  FeFg,  ferric  bromide^  FeBrj,  and  ferric  phosphate, 
FePOi .  2  HjO. 

A  complex  basic  ferric  arsenite,  Fe40j(OH)5As,  insoluble  in  water,  is 
made  by  acting  upon  a  soluble  arsenite  with  freshly  precipitated  ferric 
hydroxide.  Freshly  precipitated  ferric  hydroxide  is,  for  this  reason, 
taken  as  an  antidote  against  arsenic  poisoning. 

-a  Ferric  hydroxide^  Fe(OH)3,  one  of  the  ferric  compounds 

JFe—O—VL      prepared  from  other  ferric  compounds,  is  formed  as  a  volu- 
^\.n^— H 

minous  reddish  brown  precipitate  when  ammonium  hy- 
droxide is  added  to  a  solution  of  ferric  chloride,  FeCls,  or  when 
any  soluble  hydroxide  is  added  to  a  solution  of  a  ferric  salt. 

FeCls  +  3NH4OH  =  Fe(0H)3  +  3NH4CI 

Although  under  ordinary  conditions  ferric  hydroxide  is  insoluble  in 
water,  when  to  a  precipitate  suspended  in  water  ferric  chloride  or  ferric 
acetate  is  added,  a  clear  solution  of  basic  salts  results,  from  which  by 
dialysis  a  hydrosol  of  pure  ferric  hydroxide  may  be  obtained  upon  the 
dialyzer.  From  the  hydrosol,  upon  addition  of  a  little  alkali  hydroxide 
or  acid,  a  hydrogel  of  ferric  hydroxide  is  precipitated. 


A  number  ot  feme  oxyhydroxirtes  may  be  produced  Irom  precipitate 
ferric  hydroxide  under  various  conditions  of  precipitation  or  drjinj, 
corresponding  to  some  of  which  we  have  naturally  occurring  minerak 
Thus  we  have  the  known  series  of  minerals,  limnite,  FejOuHu,  jcanlha- 
iideriU,  Fe,Q,oH„  limoniie,  FetOgHg,  geelhiU,  FeAH,,  turgite,  Fe^OiH;, 
representing  successive  stages  of  dehydration  of  the  hypothetical  ferric 
hydroxide,  Fe,(OH)K.  When  ignited,  ferric  hydroxide  and  the  varioAii 
ferric  oxyhydroxides  lose  water,  leaving  a  residue  of  ferric  oxide. 
p,^Q  ■  Ferric  oxide,  FcjOj  (iron  sesquioxide),  found  as  the  mineral 

>^  hematite,  may  be  prepared  by  igniting  feme  hydroxide  or 

the  ferric  oxyhydroxides,  and  is  manufectured  on  a  large 
scale  by  strongly  heating  ferrous  sulphate  (green  vitriol)  and  used,  under 
the  name  of  rouge,  in  polishing  glass  and  metals,  and  as  a  red  pigmenL 
It  is  attacked  with  difficulty  by  hydrochloric  acid  and  by  nitric  acid, 
and  more  readily  by  sulphuric  acid  of  moderate  concentration.  Upoa 
ignition  in  hydrogen  or  in  carbon  monoxide,  it  is  reduced  to  iron. 

Besides  ferrous  oxide  and  ferric  oxide,  to  which  most  iron  compounds 
correspond,  there  is  another  iron  oxide,  magnetic  iron  oxide. 

Magnetic  iron  oxide,  FcaO,,  is  slowly  formed  as  a  black 
*  magnetic  powder  by  heating  iron  to  while  heat  in  air, 

3  Fe  +  »  Oi  =  Fe,0( 
or  by  passing  steam  over  iron  heated  to  incandescence. 

3  Fe  +  4  H,0  =  FejO,  +  4  H, 
It  may  also  be  made  by  heating  ferrous  oxide,  FeO,  with  ferric  oxide, 
Fe.^Og,  or  in  air,  and  is  reducible  by  hydrogen  or  carbon.  It  is  the 
chief  constituent  of  the  "  blacksmith's  scale,"  hammered  from  iron  heated 
to  incandescence.  It  is  found  as  the  mineral  magttelite,  or  "  lodestone," 
an  important  iron  ore. 

Magnetic  iron  oxide  is  attacked  by  acids  with  formation  of  ferrous 
salts  and  ferric  salts.  In  composition  it  corresponds  to  a  compound  of 
ferrous  oxide  with  ferric  oxide,  a  ferrous  ferrite. 


P  /0-Fe=0 
*^0-Fe=0 
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Besides  the  ferrous  compounds  and  the  ferric  compounds  in  which  iron 
appears  as  a  bivalent  or  trivalent positive  ion^  there  are  a  few  compounds y 
formed  under  exceptional  circumstances ^  in  which  iron  appears  with  a 
valence  of  six ^  as  a  part  of  the  negative  ion, 

IT— Ov  yj5D  Potassium  ferrate,  K2Fe04,  crystallizing  from  solution  in 
JT— 0/  \0  (jark  red  prisms,  is  produced  when  iron  filings  are  fused 
with  potassium  nitrate,  when  chlorine  is  passed  into  a  solution  of  potas- 
sium hydroxide  in  which  ferric  hydroxide  is  suspended,  or  when  a 
mixture  of  ferric  oxide  and  potassium  peroxide  is  heated  to  redness. 
The  cold  water  solution  of  potassium  ferrate  decomposes  when  heated 
or  upon  standing,  with  formation  of  ferric  hydroxide,  potassium  hydroxide, 
and  oxygen. 

bon  Certain  compounds  in  which  iron  enters  as  part  of  a  com- 

Perrocy^  //ifjc  ion  fail  to  show  the  ordinary  reaction  of  ferrous  or 
Perricya-        ferric  compounds, 

nides.  Potassium    ferrocyanide,    K4[Fe(CN)fi],   and    potassium 

ferricyanide,  Ks[Fe(CN)e],  the  preparation  of  which  as  cyanogen  com- 
pounds has  already  been  mentioned,  show  with  salts  of  iron  characteristic 
reactions  of  great  practical  value  in  distinguishing  between  ferrous  com- 
pounds and  ferric  compounds. 

With  a  ferrous  salt,  such  as  ferrous  sulphate,  FeSO^,  potassium 
ferrocyanide,  K4[Fe(CN)6],  precipitates  bluish  white  potassium  fer- 
rous ferrocyanide,  K2Fe[  Fe  ( C N  )  e] , 

FeS04  +  K4[Fe(CN)6]  =  K,Fe[Fe(CN)e]  +  K2SO4 

while  with  a  ferric  salt,  such  as  ferric  chloride,  potassium  ferro- 
cyanide precipitates  dark  blue  ferric  ferrocyanide,  Fe4[Fe(CN)e]3 
(Prussian  blue). 

4  FeCla  -f  3  K4[Fe(CN)e]  =  Fe4[Fe(Cir)6]3  +  12  KCl 

On  the  other  hand,  with  a  ferrous  salt,  such  as  ferrous  sulphate,  FeS04, 
potassium  ferricyanide,  K3[Fe(CN)  J,  forms  a  dark  blue  ferrous 
ferricyanide,  Fe8[Fe(CN)6]2  (Turnbull's  blue), 

3  FeS04  +  2  K3[Fe(CN)e]  =  Fes[Fe(Cl^fl],  -f-  '3  K^04 

while  the  effect  of  potassium  ferricyanide,  Kjj[Fe(CN)8]8,  upon  a 
ferric  salt,  such  as  ferric  chloride,  FeCls,  is  to  produce  a  solution, 
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« 

colored  brown  or  green  according  to  conditions,  which  may  possibly 
contain  ferric  ferricyanidcy  Fe[Fe(CN)cj. 

Of  the  ferrous  compounds ^  ferrous  chloride  is  mcuie  by 
acting  upon  iron  with  hydrochloric  acid.  It  is  changed  by 
air  into  an  oxychloride.  It  may  be  oxidized  to  ferric  chloride  by  airy  and 
by  nitric  acid  in  the  presence  of  hydrochloric  cuid.  It  may  be  formed  by 
reducing  ferric  chloride  with  hydrogen^  zinc,  iron,  hydrogen  sulphide^ 
or  sulphurous  acid.  It  forms  double  compounds  with  other  chlorides. 
Ferrous  sulphate  is  made  by  acting  upon  iron  with  dilute  sulphuric  cuid. 
It  forms  a  basic  ferric  hydroxysulphate  when  its  solution  is  exposed  to 
air.     Ferrous  nitrate  is  made  by  acting  upon  iron  with  dilute  nitric  add. 

Ferrous  hydroxide  is  precipitated  ivhen  ammonium  hydroxide  or  an 
alkali  hydroxide  is  added  to  a  solution  of  ferrous  chloride  or  other  ferrous 
salt.  It  is  oxidized  by  air  to  ferric  hydroxide^  and  acids  attack  it  to 
form  ferrous  salts.  Ferrous  oxide  is  made  by  heating  ferric  oxide  in 
hydrogen,  or  by  heating  ferrous  oxalate. 

Ferrous  carbonate  is  precipitated  when  a  soluble  carbonate  is  added  to  a 
solution  of  a  ferrous  salt.  It  is  changed  into  ferric  hydroxide  by  action 
of  the  air  in  presence  of  water. 

Ferrous  sulphide  is  precipitated  when  ammonium  sulphide  or  an  alkali 
sulphide  is  added  to  a  solution  of  a  ferrous  or  ferric  salt.  It  may  also 
be  made  by  fusing  together  iron  and  sulphur.  It  is  attacked  by  acids 
with  formation  of  hydrogen  sulphide.  Iron  disulphide  is  formed  when 
ferrous  sulphide  and  sulphur  are  heated  together.  When  heated  out  of 
contact  with  air  it  yields  ferrous  sulphide  and  sulphur;  and  when  heated 
in  air  it  forms  ferric  oxide  and  sulphur  dioxide. 

Of  the  ferric  compounds,  ferric  chloride  may  be  made  by  acting  upon 
iron  with  chlorine,  or  by  acting  upon  ferric  oxide  or  ferric  hydroxide  with 
hydrochloric  acid,  or  by  acting  upon  ferrous  chloride  with  chlorine.  It  is 
reduced  to  ferrous  chloride  by  iron,  and  by  other  reducing  agents.  It 
forms  double  compounds.  Ferric  sulphate  may  be  made  by  acting  upon 
ferric  hydroxide  or  ferric  oxide  with  sulphuric  acid,  or  by  oxidizing 
ferrous  sulphate  with  nitric  acid,  or  by  acting  upon  iron  or  ferrous  sul- 
phate with  hot  concentrated  sulphuric  acid.  Ferric  sulphate  is  acted  upon 
by  water  to  form  basic  hydroxy  sulphates.  With  other  sulphates  ferric 
sulphate  forms  alums.  It  is  decomposed  by  heating  into  ferric  oxide  and 
sulphur  trioxide.     It  is  reduced  to  ferrous  sulphate  by  suitable  reducing 
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agents.  Ferric  nitrate  may  be  made  b)\  healing  iron  with  moderately 
diluted  nitric  acid,  or  by  acting  upon  ferric  hydroxide  with  nitric  acid. 
It  is  decomposed  by  heating,  with  formation  of  ferric  oxide.  Other  ferric 
salts  are  ferric  sulpliocyanaie,  ferric  fluoride,  ferric  bromide,  ferric  phos- 
phate, and  basic  ferric  arsenite. 

Ferric  hydroxide  may  be  precipitated  by  adding  a  soluble  hydroxide  to  a 
solution  of  a  ferric  sail.  Similar  ferric  oxyhydroxides  may  be  likewise 
prepared.  Ferric  oxide  is  found  native.  It  may  be  made  by  heating 
a  ferrous  salt  or  ferric  hydroxide.  It  is  reduced  to  iron  by  hydrogen, 
and  is  atlcuked  by  acids  with  some  difficulty. 

Magnetic  iron  oxide  is  formed  by  heating  iron  to  white  heat  in  air,  or 
by  passing  steam  aver  incandescent  iron.  It  is  attached  by  acids  with  for- 
mation 0/  ferrous  salts  and  ferric  salts. 

Potassium  ferrous  ferroeyanide,  ferric  ferrocyanide  {Prussian  blue), 
ferrous  ferricyanide  [TumbulVs  blue),  may  be  formed  as  precipitates ; 
ferric  ferricyanide  may  be  formed  in  solution, 

MtiMihirtf  The  metallurgy  of  iron  includes  the  reduction  of  cnide 

if  iroH.  iron  ores  in    the   blast  furnace, 

and  the  purification  of  the  iron  by  oxidation 

in  the  puddling  furnace  or  Bessemer  com<erter 

or  other  suitable  apparatus.     The  product  of 

the  blast  furnace  is  the  white  or  gray  cast 

iron,  that  of  the  puddling  tiirnace  is  usually 

wrought  iron,  while  the  Bessemer  converter 

produces  steel. 

Tilt  Blast  The  iron  ore,  with  or  without 

Pornaw.        previous    calcining    or    roasting, 

according  to  circumstances,   is   mixed  with 

broken  Hmestone,  or  other  suitable  flux,  and 

the  mixture  of  ore  and  flux  is  fed  into  the 

blast  furnace  in  alternate  layers,  with  coke  or 

coal,  where  it  is  heated  to  incandescence  in 

an  upward  current   of  air   forced   into    the 

fiirnace  under  pressure.     As  a  result  of  the 

heating,  the  iron  oxide  is  reduced  to  iron, 

which  combines  with  carbon,  silicon,  man- 

ganese,  and  other  impurities  lo  form  at  the 

bottom  of  the  furnace  a  molten  mass,  which 

is  drawn  off  and  cast  into  bars  or  "pigs,"  I 

while   the   lighter   flux   combines   with   the 

greater  part  of  the  silicates  and  other  earthy       fig.  ao.— Blast  Pumace, 
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matters  in  the  ore  to  form  a  molten  slag^  which  rests  in  a  layer  above  the 
iron.  The  carbon  dioxide  and  carbon  monoxide  and  other  furnace 
gases  pass  out  at  the  top  of  the  furnace. 

The  blast  furnace  consists  of  a  high  cylindrical  stack  of  masonry,  lined 
with  fire  brick  and  encased  in  wrought  iron  plates.  The  interior  chamber 
usually  tapers  at  the  top  and  bottom.  At  the  top  is  an  opening  to  ad  mi: 
the  charges  of  ore  and  flux,  and  an  apparatus  which  serves  to  conduct 
away  the  hot  burner  gases,  which  may  be  used  elsewhere  as  fuel.  At 
the  bottom  of  the  furnace  is  a  hearth,  into  which  pass  tuyeres^  or  pipes, 
through  which  a  blast  of  hot  air  is  forced  under  pressure. 

The  reactions  of  the  blast  furnace  are  many  and  complex,  and  are 
different  in  different  parts  of  the  furnace.  The  oxygen  of  the  hot  air 
blast  on  coming  in  contact  with  the  carbon  forms  first  carbon  dioxide, 

C  +  Oj  =  CO, 

which  meeting  with  more  carbon  becomes  carbon  monoxide. 

CO,  +  C  =  2  CO 

In  the  upper  regions  of  the  furnace  the  ore  is  completely  disintegrated, 
and  the  reduction  of  the  ore  by  the  action  of  carbon  monoxide  to  ferrous 
oxide  or  to  iron  disseminated  through  the  mass  begins,  both  reaction^ 
coming  to  an  equilibrium  which  limits  the  reducing  capacity  of  the 
carbon  monoxide. 

Fe  A  +  CO  7"^  2  FeO  +  CO, 

FeA+  3CO:^2Fe  +  3CO, 

Somewhat  lower  in  the  furnace  the  active  expulsion  of  carbon  djoxide 
from  the  limestone  takes  place,  and  calcium  oxide  is  produced.  Next, 
fusion  of  the  mass  begins  and  better  contact  of  materials  takes  place, 
the  reduction  of  the  ore  being  completed  by  the  action  of  carbon. 


FeA  +  3C  =  3CO  +  2Fe 
FeO  +  C  =  CO  +  Fe 


while  a  similar  reducing  action  takes  place  upon  the  oxygen  compounds 
of  manganese,  silicon,  phosphorus,  and  other  elements.  The  reduce<^ 
iron  coming  into  contact  with  the  carbon  combines  with  it  and,  at  the 
same  time  taking  up  the  other  reduced  elements,  becomes  a  fusible 
mass,  which  is  drawn  off  at  the  bottom  of  the  furnace  and  cooled  a^ 
pig  iron. 

The  materials  employed  as  a  flux  are  chosen  with  reference  to  the 
composition  of  the  ores.  Limestone  is  employed  for  ores  rich  in  sili<  r. 
while  ores  containing  lime  and  magnesia  require  a  flux  of  sand  or  alu- 
minium compounds.  Blast  furnace  slags  consist  for  the  most  part  of 
double  silicates  of  calcium  and  aluminium  of  complex  composition,  ami 


SECONDARY   SERIES  — GROUP   VIII  — IRON  475 

are  formed  by  the  combination  of  the  flux  with  the  earthy  impurities  of 
the  iron.  On  the  lower  contracted  portion  of  the  furnace,  where  the 
molten  mass  attains  intense  whiteness,  the  heavier  iron  settles  to  the 
bottom,  and  the  lighter  slag  separates  as  a  layer  on  top  of  the  iron. 
Slags  are  sometimes  run  into  molds  to  make  building  material  or  blown 
by  steam  into  glass  wool  used  for  non-conducting  packing. 

The  cast  iron  obtained  from  the  blast  furnace  usually 
contains  from  2.3  to  5.1  per  cent,  of  carbon,  and  variable 
proportions  of  silicon,  phosphorus,  sulphur,  manganese,  and"  other 
elements.  Cast  iron  is  obtainied  in  two  varieties  —  white  cast  iron, 
formed  by  rapid  cooling,  containing  the  carbon  chemically  combined ; 
zxiA  gray  cast  iron,  formed  by  slow  cooling,  containing  uncombined  carbon 
as  graphite.  Cast  iron  melts  at  a  temperature  between  1050°  and  1250®, 
the  gray  iron  melting  more  readily  than  the  white.  Gray  cast  iron  is 
used  for  casting,  while  white  cast  iron  is  made  into  wrought  iron  and 
steel.  When  cast  iron  cools  from  molten  condition,  it  expands  slightly. 
Cast  iron  is  very  brittle,  and  breaks  easily  under  a  blow.  Cast  iron  con- 
taining a  large  proportion  of  manganese  and  rich  in  carbon  is  known  as 
spiegeleisen  (mirror  iron),  or,  when  the  proportion  of  manganese  reaches 
25  per  cent.,  as  ferromanganese.  When  cast  iron  is  attacked  by  acids, 
gaseous  hydrocarbons  are  evolved,  producing  a  characteristic  odor. 
Wrought  Wrought  iron  is  usually  made  by  a  puddling  process  in 

Iron.  which  cast  iron  is  melted  in  a  reverberatory  furnace  lined  with 

iron  oxide  ore,  in  which  coal  is  burned  in  such  a  manner  that  the  flame 
passes  through  the  furnace,  coming  in  contact  with  the  charge  of  cast 
iron  and  the  ore.  The  molten  cast  iron  is  thus  subjected  to  the  oxidizing 
influence  of  both  the  iron  oxide  and  the  air,  and  most  of  the  carbon  is 
burned  to  carbon  monoxide,  the  silicon  and  other  impurities  being 
similarly  changed,  leaving  a  pasty  mass  of  iron,  containing  less  than  0.6 
per  cent,  of  carbon,  which  is  removed  from  the  furnace  and  hammered 
and  rolled  into  useful  forms  of  the  malleable  wrought  iron. 

If  the  oxidizing  action  in  the  puddling  furnace  is  stopped  at  the  proper 
time,  before  the  proportion  of  carbon  has  been  sufficiently  reduced  to 
form  wrought  iron,  a  variety  of  steel  may  be  obtained. 

Castings  made  of  white  cast  iron  may  be  made  malleable  by  embed- 
ding them  in  powdered  ferric  oxide  and  exposing  them  for  some  time  to 
red  heat,  the  oxygen  of  the  oxide  serving  to  oxidize  some  of  the  carbon 
present  in  the  cast  iron. 

Wrought  iron  melts  at  from  1900°  to  2100®,  but  becomes  soft  at  red 
heat.  It  is  harder  than  cast  iron,  and  is  tough  and  malleable,  but  bends 
easily  -under  strain. 

The  Bc«-  Steel  is  usually  made  by  melting  cast  iron  in  a  large  vessel 

semer  Con-  of  peculiar  shape  known  as  a  Bessemer  converter,  and  pass- 
▼erter.  i^g  through  the  molten  mass  a  blast  of  air  which  raises  the 

temperature  to  above  2100°  and  oxidizes  nearly  all  of  the  carbon  and 
other  impurities,  leaving  a  residue  of  nearly  pure  iron,  to  which  sufficient 


sptegeietsm,  or  jerrcmanganese  is  aaaea  to  give  tne  aesirea  proportv.': 

of  carbon  to  the  mixture.     If  the  cast  iron  employed  coDtaioj  i'fj^ 

phorus,  a  converter  is  employed  containing  a  lining  of  clay,  silica.  J^;  ■ 

lime,  with  which  the  phosphorus  will  combine  with  formation  of  i  ^1^  ■ 

of  calcium  phosphate.     For  iron  free  from  phosphorus  a  lining  oi  ^  . 

ordinary  refractory  silicate  is  used.  | 

The  Bessemer  converter  is  a  large  vessel  of  wrought  iroD,  pecuj^H,  , 

shaped,  suital>ly  lined  and  mounted  on  trunnions,  and  provided  >:'~  | 

openings  at  the  bottom  to  I'X' 

a    powerful    blast    of  air.   Tr: 

converter  is  placed  in  a  hoii?.''- 

tal    position    and    charged  v-y 

molten  cast  iron,  the  air  biw  ^ 

started,  the   converter  is  s«ur£ 

into  a  vertical  position,  and  ir^ 

oxidation    continued    tiniil  ih: 

flame    at    the    open    mouib  •^: 

the    converter    shows    thai  i:t 

carbon    has    been    burned  cji 

sufficiently.      The    convenei  k 

now    tipped    to    the   horiwc- 

I    position,  the  required  charge  'i 

■   spiegeleisen    is   added,  and  c; 

;    blast  is  then  continued  for  a  ic 

minutes,  to  thorougbiy  ran  l' 

i   molten    mass,    after    which  w 

'   contents  are  turned  out  ioif ' 

r,o.  .,.-n.„,n,„  c„„„.  "1= '<>  >»  ="'  '°»  ii*"  "' 

forged. 

Steel  is  also  ma<le  by  the  Siemens- Mar  tin  process,  in  which  ;■« 
requisite  proportion  of  carbon  is  obtained  by  heating  a  mixture  of  c^-^ 
iron  and  wrought  iron,  taken  in  suitable  proportions,  in  an  espew- 
constructed  open  hearth  furnace,  employing  gaseous  fuel. 

Steel  may  be  made  from  wrought  iron  by  the  cementation  prvccn.  - 
which  iron  bars  are  embedded  in  fine  charcoal  and  subjected  to  reii  f' ' 
when  carbc)n  penetrates  the  iron  from  the  outer  surface  inward.  Wivc;  ■ 
iron  implements  arc  sometimes  case-haniened,  o\  superficially  covt:f: 
with  steel,  by  heating  them  in  contact  with  a  carbon  compound,  sucr.  i 
potassium  ferrocy.inide,  and  then  coohng  them  suddenly. 

Steel  usually  contains  from  i  ,6  to  o.6  or  less  per  cent.  < ' 
carbon,  together  with  variable  proportions  of  silicon,  ani'. 
some  cases  manganese,  chromium,  nickel,  tungsten,  or  other  eieim".'^ 
Iron  containing  manganese  combines  with  carbon  more  readily  i""' 
other  iron.  Steel  is  grayish  white,  harder  than  cast  iron  or  wrought  \'.  '■ 
malleable,  ami  ductile.     It  is  very  strong,  withstanding  great  stress  £  '■ 
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When  very  hot  steel  is  suddenly  cooled  it  becomes  hard  and  brittle, 
but  when  it  is  cooled  slowly  it  is  soft  and  malleable.  Hard  steel  becomes 
elastic  when  carefully  heated  and  allowed  to  cool  slowly.  By  suitably 
adjusting  the  conditions  of  heating  and  cooling,  steel  may  be  tempered 
to  many  desirable  conditions  of  hardness  or  softness  or  elasticity. 

Pieces  of  wrought  iron  or  steel  brought  together  on  their  clear  sur- 
faces and  heated  to  a  pasty  condition  may  be  welded  into  one  piece  by 
hammering  or  pressure.  The  electrical  current  is  often  used  to  heat 
iron  and  steel  to  the  temperature  required  for  welding. 

Nickel,  Ni,  58.7 

Nickel  Nickel  is  found  native  in  small  amounts  in  meteorites. 

Mlnerala.  The  nickel  of  commerce  is  obtained  from  garnierite^ 
H4Ni2Mg2(Si04)3  •  4  HgO,  a  silicate  found  in  Australia.  It  is  also 
found  in  the  minerals  niccolite^  NiAs,  and  nickel  glance  or  gersdorf- 
fite,  NiAsS.  From  garnierite  crude  nickel  may  be  prepared  by  reduc- 
ing the  ore  in  the  blast  furnace  or  by  electrolysis.  The  treatment  of 
other  nickel  ores  is  a  complicated  process.  Pure  nickel  may  be  obtained 
by  heating  nickel  oxalate  in  a  stream  of  hydrogen. 

Nickel  is  a  white,  lustrous  metal  of  specific  gravity  8.8  to 

9.1,  very  hard  and  tenacious,  and  to  some  extent  attracted  by 

the  magnet.     It  is  not  acted  upon  by  air  or  water,  and  is  attacked  with 

difficulty  by  hydrochloric  acid  and  by  sulphuric  acid,  and  readily  by  nitric 

acid,  with  formation  of  salts  in  which  nickel  is  a  bivalent  positive  ion. 

Nickel  is  usually  marketed  in  the  form  of  small  cubes,  which  contain, 
besides  nickel,  small  quantities  of  copper  and  bismuth  and  other  metals. 
A  number  of  alloys  of  nickel  are  important.  German  siher  contains 
copper,  zinc,  and  nickel.  The  United  States  five-cent  piece  con- 
tains 25  per  cent,  of  nickel  and  75  per  cent,  of  copper.  Nickel  steel 
contains  from  3  to  15  per  cent,  of  nickel.  Nickel  is  largely  employed 
as  a  protective  coating  for  iron,  objects  of  iron  to  be  nickel-plated 
.  being  suitably  connected  in  an  electrical  circuit  while  immersed  in  a 
bath  or  solution  of  nickel  ammonium  sulphate. 

Nickel  Typical  nickel  compounds^  in  which  nickel  is  a  bivalent 

Salts.  positive  ion,  are  nickclous  sulphate,  nickelous  nitrate^  nickel- 

Otts  chloride,  nickelous  carbonate,  nickelous  sulphide,  nickelous  hydroxide, 
and'  nickelous  oxide, 

^  /0\  ^  Nickelous  sulphate,  NiS04,  is  formed  by  acting  upon 

xOx   "^      nickel,  or  nicTcelous  hydroxide  or  carbonate,  with  dilute 


2o°,  it  forms  green  crystals  of  the  composition  NiSO,  -  7  HX>.  Tn- 
compound  occurs  native  as  the  mineral  morenosite  (aickel  vi[;i.i 
From  a  solution  containing  an  excess  of  sulphuric  acid,  bluish  gree: 
crystals  of  the  composition  NiSO,  •  6  H^  are  obtained.  When  cr)>ul- 
lized  nickelous  sulphate  is  heated  to  100°,  it  is  partially  dehydrau  L 
forming  NiSOj  ■  H,0,  which  above  280°  becomes  anhydrous.  By  act:r: 
upon  nickel  with  dilute  sulphuric  acid,  and  adding  to  the  solution  ammo- 
nium sulphate,  crystals  of  (NH4)jS0,  ■  NiSO,  ■  6  HjO  may  be  fonned. 
^,    O-HOj  Nickelous  nitrate,  Ni{N03)„  may  be  obtained  as  cri>i3  • 

*~<i-I«^  of  the  composition  Ni(NO,),  -  6  H^,  by  acting  uji  ' 
nickel,  or  nickelous  hydroxide,  with  nitric  acid,  and  evaporating  th; 
solution. 

CI  Nickelous  chloride,  NiCl,,  may  be  obtained  by  acting  up:; 

^'  finely  divided  nicke!  with  chlorine,  or  by  acting  upon  nicki'.- 

ous  oxide  or  nickelous  carbonate  with  hydrochloric  acid.  By  evapor^! 
ing  the  solution  to  dryness,  the  anhydrous  nickelous  chloride  is  obtain;: 
as  a  yellow  earthy  mass,  which  on  exposure  to  moist  air  forms  gr::: 
hydrous  crystals,  NiCIj -6  11,0.  Nickelous  chloride  evolves  chlor.r 
when  heated  in  air. 

0  Nickelous  carbonate,  NiCO,,  is  obtained  as  anRvdri. 

"      ~  pale  green  crystals  by  heating  a  solution  of  nickelous  c-. 

ride  with  calcium  carbonate  at  150°.  By  evaporating  at  low  tempera:-:- 
a  solution  of  a  nickel  salt  and  sodium  hydrogen  carbonate  saturj:f 
with  carbon  dioxide,  crystals  of  the  composition  NiCOj  ■  6  H,0  mar  ;■; 
obtained.  By  adding  sodium  carbonate,  or  other  soluble  carbonate.  10  ; 
solution  of  nickelous  sulphate  or  other  nickel  salt,  a  green  precipitate  ■ 
a  basic  nickelous  carbonate  may  be  obtained,  which  is  acted  upon  '.- 
acid     and  by  ammonium  chloride  and  ammonium  carbonate.  1 

Nickelous  sulphide,  NiS,  is  formed  as  a  black  precipi:"- 
"'"^  whenammoniumsulphide,(NH,)Aoranalkalisulrh..; 

is  added  to  a  solution  of  nickelous  sulphate  or  other  nickel  salL 

NiSO^  +  (NH,)^  =  MiS  +  (NH^)^,  I 

The  precipitate  thus  formed  is  not  attacked  by  dilute  hydrochlv-; 
acid.  Hydrogen  sulphide  will  also  precipitate  nickelous  sulphide  fr  "■ 
luilutinns  of  nickel   salts,  hut  the  reaction  in  this  case  is  reversilile  xl.  J 
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yellow  brittle  mass  by  fusing  together  nickel  and  sulphur,  and  occurs  as 
the  mineral  millerite.     Nickel  disulphide^  NiSj,  is  also  known. 
jfi<2~^  ^^^^^^^^^  h'^f^oxide,  Ni(OH)2,  is  formed  as  an  apple- 

^^~^  green  precipitate  when  sodium  hydroxide,  or  any  other 
soluble  hydroxide,  is  added  to  a  solution  of  a  nickelous  salt,  such  as 

nickelous  sulphate. 

• 

NiS04  +  2  NaOH  =  Ni(0H)2  +  NajS04 

It  is  acted  upon  by  ammonium  hydroxides  and  by  acids,  and  is  decom- 
posed by  heating  with  formation  of  nickelous  oxide. 

Nickelous  oxide,  NiO  (nickel  moftoxide),  is  formed  as  a 
green  crystalline  powder,  by  strongly  heating  to  redness 
nickelous  nitrate,  or  nickelous  carbonate,  or  nickelous  hydroxide. 

Ni(0H)8  =  NiO  +  H2O 

It  is  reduced  to  nickel  by  hydrogen  or  carbon  or  carbon  monoxide.  It 
is  acted  upon  by  acids  with  formation  of  nickelous  salts.  Nickelous 
oxide  occurs  as  the  mineral  dunsenite. 

Nickelous  fluoride,  NiF2,  forms  blue-green  crystals  of  the  composi- 
tion NiF2  •  3  HjO.  Nickelous  bromide,  NiBr2,  occurs  as  crystals  of  the 
composition  NiBrj  •  3  H2O.  Nickelous  iodide,  Nil2,  may  be  obtained 
as  blue-green  crystals  of  the  composition  Nil2  •  6  H2O. 

Potassium  ferrocyanide,  K4[Fe(CN)6],  precipitates  from  a  solu- 
tion of  nickelous  sulphate,  NiSO^,  or  other  nickel  salt,  greenish 
white  nickelous  ferrocyanide,  Ni2[Fe(CN)6]. 

2  NiS04  +  K4[Fe(CN)e]  =  Ni2[Fe(CN)fl]  +  2  K2SO4 

Potassium  ferricyanide,  K3[Fe(CN)8],  precipitates  from  solutions 
of  nickel  salts,  yellowish  green  nickelous  ferricyanide,  Ni8[Fe(CN)e]2. 

3  NiS04  +  2  K8[Fe(CN)e]  =  Ni3[Fe(CN)6]2  +  3  K2SO4 

Ni  k  r  Nickelic  hydroxide  and  nickelic  oxide  are  compounds  in 

Compounds,  which  nickel  is  a  trivalenf  positive  ion. 

y/0— H  Nickelic  hydroxide,  Ni(0H)3,  may  be  obtained  as  a  black 

jiri— o— H  powder  by  acting  upon  precipitated  nickelous  hydroxide 

~~  with  chlorine  or  bromine  or  a  similar  oxidizing  agent. 

3  Ni(0H)2  4-  CI2  =  2  Ni(0H)8  -h  NiCl, 
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In  presence  of  an  alkali  hydroxide  all  the  nickel  appears  in  nickelic 
hydroxide. 

2  Ni(OH)j  -I-  CI,  -f-  2  NaOH  =  2  Ni(0H)3  +  2  NaCl 

Nickelic  hydroxide  is  acted  upon  by  acids,  with  evolution  of  oxygen  and 
formation  of  nickel  salts. 

Nickelic  oxide^  NigOa  (nickel  sesquioxide),  is  obtained  as  a 
>0  black  powder  by  gently  heating  below  redness  nickelic  hy- 

droxide,  nickel  nitrate,  or  nickel  carbonate,  in  air.     When 
strongly  heated  it  forms  nickelous  oxide. 

2  NiA  =  4  NiO  +  Oj 

Nickelic  oxide  is  acted  upon  by  acids  with  formation  of  the  nickel  salts. 
By  acting  upon  nickelic  oxide  with  hydrochloric  acid,  nickelous  chloride 
is  formed,  chlorine  being  liberated. 

NiA  +  6  HCl  =  2  NiClj  +  3  H,0  4-  Clj 

By  heating  nickelic  oxide  in  hydrogen  at  190°,  or  by  heating  nickelous 
chloride  in  oxygen  at  350®  to  440°,  magnetic  nickel  oxide y  Nia04,  is  formed. 
By  the  combination  of  nickel  and  carbon  monoxide,  CO,  at  or- 
dinary temperature,  a  colorless,  highly  refractive  liquid  is  formed  which 
has  the  composition  Ni(C0)4,  and  is  known  as  nickel  carbonyL  It  boils 
at  43°  and  forms  crystals  at  —  25°.  When  passed  through  a  heated 
tube,  it  dissociates  into  carbon  monoxide  and  nickel. 

Ni  +  4  CO  151^  Ni(C0)4 

Nickelous  sulphate  is  forfned  by  the  action  of  dilute  sulphu- 
rtc  acid  upon  nickel  or  nickelous  hydroxidCy  or  nickelous  car- 
bonate»  Nickelous  nitrate  may  be  formed  by  acting  with  nitric  acid  upon 
nickel  or  nickelous  hydroxide,  Nickelous  chloride  may  be  obtained  by 
acting  upon  nickel  with  chlorine^  or  by  acting  upon  nickelous  oxide  or 
nickelous  carbonate  with  hydrochloric  acid.  Nickelous  carbonate  may  be 
made  by  heating  nickelous  chloride  solution  with  calcium  carbonate, 
Basic  nickelous  carbonates  may  be  precipitated  by  adding  a  soluble  carbon- 
ate  to  a  solution  of  a  nickel  salt.  Nickelous  sulphide  may  be  precipitated 
by  adding  ammonium  sulphide^  or  an  alkali  sulphide^  to  a  solution  of  a 
nickel  salt.     Nickel  disulphide  is  also  known, 

Nickelous  hydroxide  is  precipitated  when  a  soluble  hydroxide  is  added 
to  a  nickel  salt  in  solution.     It  is  decomposed  by  heatings  with  formation 
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of  nkkelous  oxide.  Nickelous  oxide  is  formed  by  heating  nickelous  nitrate ^ 
nickelous  carbonate^  or  nickelous  hydroxide. 

Other  nickel  compounds  are  nickelous  fluoride^  nickelous  bromide^ 
nickelous  iodide^  nickelous  ferrocyanidcy  and  nickelous  ferricyanide, 

Nickelic  hydroxide  may  be  formed  by  oxidizing  nickelous  hydroxide  with 
chlorine  or  other  suitable  agents.  Nickelic  oxide  is  made  by  heating  nick" 
elic  hydroxide  below  redness.  When  strongly  heated^  it  forms  nickelous 
oxide.  It  is  acted  upon  by  cuids^  with  formation  of  nickelous  salts. 
Magnetic  nickel  oxide  is  made  by  heating  nickelic  oxide  in  hydrogen^ 
or  by  heating  nickelous  chloride  in  oxygen. 

Nickel  carbonyl  is  formed  by  the  combination  of  nickel  and  carbon 
monoxide. 

Cobalti  Co,  59.0 

Cobalt  Cobalt  is  found  associated  with  nickel  in  certain  ores. 

Mineimls.        The  principal  cobalt  minerals  are  smaltite^  CoAsj  (cobalt 

glance),  and  cobaltite,  CoAsS,  from  which  cobalt  is  obtained  by  roasting 

and  reducing  the  resulting  oxide,  Co.,04,  by  carbon  or  hydrogen.    Cobalt 

compounds  are  used  to  impart  a  blue  color  to  glass. 

Cobalt  is  a  lustrous  pink  metal,  of  specific  gravity  8.5, 
Cobalt* 

malleable  and  ductile,  and  very  tenacious.      It   melts  at 

1500^.  In  compact  form  cobalt  is  only  very  slightly  tarnished  by  damp 
air,  but  the  finely  divided  metal  may  oxidize  easily,  sometimes  taking 
fire  in  the  air  spontaneously,  burning  to  the  oxide  CogOi.  Cobalt  is 
slowly  attacked  by  warm  dilute  hydrochloric  acid  or  sulphuric  acid,  and 
is  rapidly  acted  on  by  nitric  acid,  with  formation  of  salts  in  which  cobalt 
is  a  bivalent  or  trivalent  positive  ion. 

Cobaltoaa  ^he  principal  compounds  in  which  cobalt  is  a  bivalent posi- 

Compoanda.  n^g  (q^i  ^fg  cobaltous  sulphate^  cobaltous  nitrate,  cobaltous 
chloride,  cobaltous  carbonate ^  cobaltous  sulphide,  cobaltous  hydroxide  and 
cobaltous  oxide. 

0\  y^o  Cobaltous  sulphate,  C0SO4,  is  obtained  by  acting  upon 

^/\^  cobalt,  or  the  cobalt  oxides,  or  upon  cobaltous  carbonate, 
with  dilute  sulphuric  acid,  and  evaporating  the  solution.  It  forms  red 
prismatic  crystals  of  the  composition  C0SO4  •  7  HjO,  which  remain 
stable  in  air.  When  the  solution  is  warmed  and  allowed  to  stand, 
crystals  of  the  composition  CoS()4  •  6  H^O  are  formed.  By  the  action 
of  sulphuric  acid  upon  a  concentrated  solution  of  cobaltous  sulphate,  a 
21 


powder  of  the  composition  CoSO,  •  4  HjO  is  formed.  All  these  hydiaies 
when  heated  lose  their  water,  becoming  rose-red  in  color. 

0-HOa  Cobaltous  nitrate,  CoCNOs)^  may  be  prepared  by  aa- 

O-SOj  ing  upon  cobalt,  or  its  oxides,  hydroxides,  or  carbonates. 
with  nitric  acid.  It  forms  deep  red  prismatic  crystab,  CotNOa),  ■  6  H.O. 
very  hygroscopic,  which  melt  below  100°  to  a  violet  liquid  which  u^a 
strong  heating  turns  green  and  decomposes.  Cobalt  nitrate  is  used  3:^  a 
reagent  in  blowpipe  analysis  for  the  production  of  cobalt  compounds  of 
characteristic  color. 

CI  Cobaltous  chloride,  CoC1„  is  obtained   I^  acting  upoa 

^  cobalt,  or   its   oxides,  or   hydroxides,    or  carbonates,   with 

hydrochloric  acid.  It  forms  dark  red  prismatic  crystals,  hav-ing  the 
composition  CoClj  ■  6  HjO,  which  may  be  dehydrated  in  differerit  stages, 
forming  successively  red  or  violet  CoCIj  -  4  H,0  and  CoCl.  ■  i  H  U, 
and  the  blue  anhydrous  C0CI2.  The  water  solution  of  cobaltous  chlonJe 
is  rose-colored  when  concentrated,  but  becomes  blue  when  healed  01 
treated  with  concentrated  hydrochloric  acid. 

When  a  solution  of  cobaltous  chloride  sufficiently  dilute  is  used  as  ar. 
ink,  the  writing  upon  rose-colored  paper  is  invisible  when  allowed  to  dn 
in  the  air  at  ordinary  temperature,  but  when  such  writing  is  warmed,  the 
characters  appear  bright  blue,  although  they  will  fade  away  again  grailu- 
ally  on  standing  in  moist  aif.  The  use  of  cobaltous  chloride  as  a  sym- 
pathetic ink  and  in  the  toy  weather- indicators  depends  on  its  propent 
of  changing  color  according  to  the  conditions  of  moisture  in  the 
atmosphere. 

Cobaltous  carbonate,  CoCOj,  is  obtained  as  a  bright 
red  powder  by  heating  a  solution  of  cobaltous  chloride 
and  sodium  hydrogen  carbonate  saturated  with  carbon  dioxide-  Bi 
spontaneous  evaporation  of  the  solution,  crystals  of  the  composiiio= 
CoCO.i  ■  6  H;0  are  formed.  By  the  action  of  soluble  carbonates  up^:: 
cold  solutions  of  cobaltous  salts  reddish  basic  cobaltous  carbonates  are 
formed,  which  on  heating  lose  carbon  dioxide  and  turn  blue. 

Cobaltous   sulphide,  CoS   (cobalt  monosulphide),  is  ob- 
tained as  a  black  precipitate  when  ammonium  sulphiiie. 
(NH,)^  orai^'kali  sulphide  is  added  toasolutionof  cobalt  chloride. 
CoClj,  or  other  salt  of  cobalt, 

CoCI,  +  (NHOjS  =  Cos  4-  3  (NHi}Cl 


Co<">C=0 
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It  is  attacked  by  strong  hydrochloric  acid  with  evolution  of  hydrogen 
sulphide.  Hydrogen  sulphide  precipitates  cobaltous  sulphide  from  salt 
solutions,  but  the  reaction  is  only  partial.  Cobaltous  sulphide  is  found 
as  the  mineral  syepoorite.  Other  sulphides  of  cobalt  are  C0S2,  CogS^ 
and  C02S. 

0— H  Cobaltous  hydroxide y  Co(OH)2,  is  a  rose-red  precipitate 

^~^      formed   by  adding  a  soluble  hydroxide,  such  as  sodium 

hydroxide,  to  a  solution  of  cobaltous  chloride  or  other  cobaltous 

salt  kept  out  of  contact  with  air,  and  heating  the  resulting  precipitate 

of  blue  basic  salt. 

C0CI2  +  2  NaOH  =  Co(OH)s  +  2  NaCl 

Cobaltous  hydroxide  is  acted  upon  by  ammonium  hydroxide  and  by 
acids.     It  combines  with  the  oxygen  upon  standing  in  the  air,  becoming 
dark  colored,  and  decomposes  when  heated. 
_  Cobaltous  oxide,  CoO  (cobalt  monoxide),  is  obtained  by 

heating  cobaltous  hydroxide,  or  cobaltous  carbonate,  to 
a  temperature  not  above  350°,  in  an  atmosphere  of  hydrogen. 

Co(OH)j  =  CoO  +  HjO 

It  may  also  be  made  by  heating  the  higher  oxides  of  cobalt  to  a  white 
heat.     It  is  acted  upon  by  acids,  with  formation  of  cobaltous  salts. 

Cobaltous  fluoride y  C0F2,  cobaltous  bromide,  CoBrg,  and  cobaltous 
iodide y  C0I2,  are  also  known  as  brightly  colored  crystalline  compounds. 
By  the  action  of  potassium  ferrocyanide  and  potassium  ferricyanide  on 
cobaltous  salts,  the  green  cobaltous  ferrocyanide,  Co2[Fe(CN)6],  and  the 
dark  brown  cobaltous  ferricyanide,  Qo^fi{C^)^^  may  be  formed  as 
precipitates. 

Cobaltic  Cobalt  forms  a  few  cobaltic  compounds, — cobaltic  sulphate, 

Componnds.  cobaltic  hydroxide,  and  cobaltic  oxide,  —  in  which  cobalt  is  a 
trivalent positive  ion, 

Cobaltic  sulphate,  €02(804)3,  is  formed  as  blue  needles  of 

Co^-Q^^^l}    tbe  composition  Coj,(S04)8  •  18  H2O,  when  a  solution  of 

^\  >^    cobaltous  sulphate  and  sulphuric  acid  is  oxidized  by  the 

y^/x'O    electric  current.      It  dissolves  in  water  to  form  a  blue 
^^\Qy^%r\    solution  which  evolves  oxygen.     The  crystals  decompose 
on  exposure  to  air,  becoming  pink.     It  is  decomposed 
by  hydrochloric  acid,  with  evolution  of  chlorine. 
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Cobaltic  hydroxide^  Co(OH)s,  may  be  obtained  by  acting 
Co^—H      with  sodium  hydroxide  and  chlorine,  bromine,  sodium 
~         hypochlorite,  or  other  suitable  oxidizing  agent  upon  a  solu- 
tion of  a  cobaltous  salt. 

2  C0CI2  +  6  NaOH  +  CI2  =  2  Co(OH)s  +  6  NaCl 

It  forms  a  brownish  black  powder,  which  is  decomposed  by  hydrochloric 
acid  with  evolution  of  chlorine,  and  by  sulphuric  acid  with  evolution 
of  oxygen,  with  formation  of  cobaltous  salts.  Several  cobaltic  oxyhy- 
droxides,  such  as  Co302(OH)4,  Co30(OH)6,  and  Co80a(OH)2,  have  been 
isolated. 

Cobaltic  oxide,  C02O3  (cobalt  sesquioxide),  a  dark  brown 

>0  powder,  is  made  by  heating  cobaltous  nitrate  to  a  tempera- 

ture  just  sufficient  to  decompose  the  salt.  Cobaltic  oxide  is 
acted  upon  by  hydrochloric  acid  with  evolution  of  chlorine,  and  by  sul- 
phuric acid  with  evolution  of  oxygen,  cobaltous  chloride  being  formed. 

Tricobalt  tetroxidcy  C03O4,  corresponding  to  the  magnetic  oxides  of 
iron  and  nickel,  but  itself  non-magnetic,  is  formed  when  cobalt  or  its 
lower  oxides  or  hydroxides  are  heated  to  low  redness.  It  is  a  stable 
black  powder. 

ComDlex  Cobalt  enters  into  combination  with  the  ions  CN,  NO^ 

Cobalt  and  NH^  to  form  complex  derivatives. 

Salts.  Cobalt  and  cyanogen  together  constitute  a  negative  ion  in 

certain  compounds  known  as  the  cobaltocyanides  and  cobalticyanides. 
Thus  the  insoluble  cobaltous  cyanide,  Co(CN)2,  combines  with  potassium 
cyanide,  KCN,  tb  form  soluble  potassium  cobaltocyanide,  K4Co(CN)e, 
which  oxidizes  in  the  air  to  form  soluble  potassium  cobalticyanide, 
K8Co(CN)c.  When  potassium  nitrite  is  added  to  the  solution  of  a  co- 
baltous salt,  a  double  nitrite  of  potassium  and  cobalt,  2  KNO,  •  Co(N02)2, 
is  formed  in  the  solution,  from  which  on  the  addition  of  considerable 
acetic  acid  there  is  formed  and  precipitated  after  some  time  yellow 
crystalline  potassium  cobaltini trite,  K3Co(N02)6»  which  is  probably  best 
regarded  as  a  salt  of  potassium  in  which  that  element  is  combined  with 
a  complex  nitroso-cobaltic  ion. 

The  compounds  of  ammonia  with  cobalt  present  many 

A^nes  interesting  but  very  complex  relations.     When   a   solution 

of  cobaltous  chloride  is  treated  with  ammonium  hydroxide, 
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cobaltous  hydroxide  is  at  first  precipitated,  but  is  acted  upon  when  the 
ammonium  hydroxide  is  added  in  sufficient  amount.  The  brown  solution 
thus  formed  takes  up  oxygen  and  turns  red  on  standing  in  the  air,  and 
from  it  by  the  action  of  hydrochloric  acid,  after  more  or  less  oxidation 
either  by  exposure  to  air  or  by  the  aid  of  oxidizing  agents,  a  series  of 
salts  known  as  the  cobalt  amines  may  be  obtained. 
Of  these  compounds  we  may  mention  the  following : 

Dichro-cobaltic  chloride,  Co(NH3)3Cl8  •  H,0 
Praseo-cobaltic  chloride,  Co(NH8)4Cl3  •  HjO 
Purpureo-cobaltic  chloride,  Co  (N  113)5013 
Luteo-cobaltic  chloride,  Co(NH8)flCl8 

These  salts  consist  of  cobalt  and  chlorine  in  proportions  to  form  cobal- 
tic  chloride  with  varying  numbers  of  equivalents  of  ammonia.  Cobalt 
amine  nitrates  and  sulphates  similar  to  the  chlorides  mentioned  may 
also  be  obtained. 

When  luteo-cobaltic  chloride,  Co(NH3)6Cl3,  is  treated  in  solution  with 
silver  nitrate,  silver  chloride  is  precipitated,  and  the  precipitate  contains 
the  entire  amount  of  chlorine  originally  present  in  the  cobaltic  chloride, 
the  ions  of  this  substance  being,  therefore,  Co(NHs)6,  and  Cla-  By  loss 
of  one  equivalent  of  ammonia,  luteo-cobaltic  chloride  is  converted  to 
purpureo-cobaltic  chloride,  Co(NH3).5Cl8,  and  this  when  treated  with  sil- 
ver nitrate  loses  only  two  thirds  of  its  chlorine  by  the  formation  of  silver 
chloride;  so  that  the  ions  in  this  case  are  Co(NHa)flCl  and  Clj.  Simi* 
larly,  praseo-cobaltic  chloride,  Co(NH3)4Cl3  •  H^jO,  yielding  but  one  third 
of  its  chlorine  when  acted  upon  by  silver  nitrate,  may  be  represented  by 
the  symbol  Co(NH8)4Cl2  •  CI-  H,,0. 

Werner  has  proposed  to  regard  the  molecules  of  these  compounds  as 
made  up  of  a  nucleus  of  one  cobalt  atom  with  six  atoms  or  radicals, 
CoRg,  to  which  other  ions  may  be  joined,  any  ion  external  to  the 
nucleus  being  displaceable  without  disturbing  the  nucleus.  Moreover, 
the  characters  of  the  elements  or  radicals  composing  the  nucleus  deter- 
mine the  capacity  of  the  nucleus  to  unite  with  ions,  and  also  the  kind  of 
ions,  positive  or  negative,  with  which  it  may  unite.  The  conception  of 
the  nucleus  as  an  octahedron,  at  the  center  of  which  is  the  cobalt  atom 
and  near  which  are  arranged  the  external  ions,  serves  to  give  graphic 
representation  of  the  phenomena. 

In  the  case  of  the  cobalt  amines  we  start  with  luteo-cobaltic  chloride 
in  which  the  nucleus  is  Co(NH3)fl,  and  the  outlying  ions,  3  CI,  are  nega- 
tive and  three  in  number.  Purpureo-cobaltic  chloride  consists  of  a 
nucleus  Co(NH3)5Cl,  with  two  outlying  negative  ions,  2  CI.  Praseo- 
cobaltic  chloride  is  made  up  of  the  nucleus  Co(N  113)4012,  with  one 
outlying  negative  ion,  CI.  The  substance  Co(NH3)3Cl3  is  all  nucleus, 
and  the  further  introduction  of  negative  atoms  or  radicals  within  the 
nucleus  should  make  it  negative.     It  is  interesting  to  note  that  we  have  in 
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potassium  cobalticyanide,  which  may  be  written  Co(CN)6  •  Kg,  and  in 
the  potassium  cobaltinitrite,  which  may  be  written  Co(N03)g  •  Kg,  exam- 
ples of  cobaltic  compounds  each  of  which  may  be  regarded  as  made  up 
of  a  negative  nucleus,  CoR«,  united  with  three  outlying  positive  ions  3  K. 
Potassium  cobaltocyanide,  K4Co(CN)6,  may  in  like  manner  be  written 
Co(CN)fl .  K,. 

Cobaltous  sulphate  u  made  by  acting  with  dilute  sulphuric 
ummary.  ^^.^  upon  cobalt^  cobalt  oxidcSy  or  cobaltous  carbonate, 
Cobaltous  nitrate  may  be  made  by  acting  with  nitric  acid  upon  cobalt^ 
or  its  oxides ^  hydroxides,  or  carbonate.  Cobaltous  chloride  may  be  made 
by  acting  with  hydrochloric  cuid  upon  cobalt^  or  its  oxides  or  hydroxides  or 
carbonate,  Cobaltoiis  carbonate  may  be  made  by  heating  a  solution  of 
cobaltous  chloride  and  sodium  hydrogen  carbonate  which  has  been  satu- 
rated with  carbon  dioxide.  Cobaltous  sulphide  may  be  precipitated  by 
adding  ammonium  sulphide  or  an  alkali  sulphide  to  a  cobalt  salt  in 
solution. 

Cobaltous  hydroxide  may  be  precipitated  by  adding  a  soluble  hydroxide 
to  a  solution  containing  a  cobalt  salt.  It  is  attacked  by  acids  with  forma- 
tion of  cobaltous  salts.  Cobaltous  oxide  is  made  by  heating  cobaltous 
hydroxide  or  cobaltous  carbonate  to  a  temperature  not  too  high,  in  an 
atmosphere  of  hydrogen. 

Other  cobaltous  compounds  are  cobaltous  fluoride,  cobaltous  bromide, 
cobaltous  iodide,  cobaltous  ferrocyanide,  and  cobaltous  ferricyanide. 

Cobaltic  sulphate  is  made  by  oxidizing  cobaltous  sulphate  by  the  electric 
current. 

Cobaltic  hydroxide  may  be  made  by  the  action  of  a  soluble  hydroxide 
and  an  oxidizing  agent  upon  a  solution  of  a  cobaltous  salt. 

Cobaltic  oxide  is  made  by  heating  cobaltous  nitrate  to  a  suitable  tempera- 
ture. Tricobalt  tetroxide  may  be  made  by  heating  cobalt  or  its  lower 
oxides  or  hydroxide  to  low  redness. 

Complex  compounds  of  cobalt,  such  as  cobaltous  cyanide,  the  cobalto-. 
cyanides  and  cobalticyanide 5,  the  double  salts  known  as  cobaltinitrites, 
and  the  ammonia  derivatives  known  as  cobalt  amines  may  also  be 
prepared. 
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11.   THE   PLATINUM   ELEMENTS 

a.  Ruthenium,  Ru,  10 1.7 

Rhodium,  Rh,  103.0 

Palladium,  Pd,  106.5 

b.  Osmium,  Os,  191 

Iridium,  Ir,  193.0 

Platinum,  Pt,  194.8 

The  rare  elements  of  the  eighth  group  of  the  secondary  series,  includ- 
ing the  useful  element  platinum,  and  the  five  other  elements  of  similar 
properties,  ruthenium,  rhodium,  palladium,  osmium,  and  iridium,  together 
constitute  the  group  oi platinum  elements. 

Native  platinum  ore,  containing  all  these  six  elements  in  varying 
amounts,  with  usually  some  gold  and  perhaps  other  elements,  is  found 
generally  in  small  metallic  grains  in  sand,  and  is  obtained  by  washing 
away  the  lighter  materials  of  the  sand,  as  in  gold  washing.  The  largest 
amounts  of  platinum  come  from  the  Ural  Mountains ;  but  California, 
Australia,  Sumatra,  and  some  other  regions  contribute  in  smaller  degree 
to  the  supply.  From  the  crude  ore  a  useful  alloy  of  platinum  with 
iridium  and  rhodium  may  be  obtained  directly  by  fusion  of  the  ore  on 
lime  in  the  oxyhydrogen  flame,  but  the  complete  separation  of  the 
platinum  metals  from  one  another  involves  elaborate  processes  of 
treatment. 

The  platinum  metals  fall  into  two  series,  the  one  consisting  of  the 
metals  ruthenium,  rhodium,  and  palladium,  of  atomic  weights  approxi- 
mating 100,  while  the  other  contains  the  metals  osmium,  iridium,  and 
platinum,  of  atomic  weight  nearly  twice  as  great.  The  compounds  of 
each  of  these  series  of  metals  show  many  resemblances  to  one  another, 
and  to  the  series  of  the  iron  metals. 

Ruthenium,  a  metal  of  steel-gray  color  and  specific  gravity  12.26, 
hard,  brittle,  and  fusible  above  2000°,  was  discovered  by  Claus  in  1845. 
Heated  in  finely  divided  condition  in  air,  the  metal  oxidizes  with  the 
formation  of  three  oxides :  ruthenium  monoxide,  RuO,  ruthenium  ses- 
quioxidey  RU2O8,  and  ruthenium  dioxide,  RuO^,  all  black  powders, 
unacted  upon  by  acids ;  while  ruthenium  tetroxide,  RUO4,  yellow,  crystal- 
line, boiling  at  26°,  may  be  obtained  by  indirect  means,  as  will  be 
described.  The  dark  brown  weakly  basic  ruthenium  hydroxide,  Ru(0H)3, 
corresponding  to  the  sesquioxide,  and  the  dark  brown  gelatinous 
hydroxide,  Ru(0H)4  •  3  HgO,  acted  upon  by  both  acids  and  alkali 
hydroxides,  and  corresponding  to  the  oxide,  RuO,  are  also  known. 
Heated  in  chlorine,  ruthenium  forms  ruthenium  dichloride,  RUCI2,  a  black 
powder,  unaffected  by  acids.  Although  ruthenium  is  not  attacked  by 
single  acids,  it  is  slowly  acted  upon  by  aqua  regia,  forming  in  solution 
ruthenium  trichloride^  RuCls,  which  may  be  obtained  as  a  yellow  crystal- 
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line  deliquescent  solid.  Rnthenium  tetrachloride^  RuCl^,  has  not  been 
isolated,  but  exists  in  certain  double  salts. 

When  fiised  with  potassium  hydroxide  and  potassium  nitrate  in  mix- 
ture, finely  divided  ruthenium  is  attacked  with  formation  of  potassium 
ruthenatCy  K2RUO4,  Which  may  be  obtained  in  black  crystals  of  green 
reflection.  The  dark  orange-red  solution  of  potassium  ruthenate  in 
water  is  turned  green  by  air,  and  more  rapidly  by  chlorine  or  bromine, 
while  ruthenium  dioxide,  RuOj,  separates,  and  potassium  perruthinate^ 
KRUO4,  crystallixable  in  black  octahedra,  is  formed.  The*  action  of 
chlorine  upon  a  concentrated  solution  of  potassium  ruthenate,  K2RUO4, 
results  in  the  formation  of  rutheniutn  tetroxide^  RUO4,  which  volatilizes 
with  the  chlorine  and  may  be  condensed  by  cooling,  and  is  useful  in  the 
preparation  of  pure  ruthenium. 

Rhodium y  discovered  by  Wollaston  in  1803,  in  appearance  like  alu- 
minium, of  specific  gravity  12.1,  very  malleable,  fusing  at  2000*,  is  not 
attacked  by  single  acids  nor  when  pure  by  aqua  regia.  Heated  in  air, 
it  is  oxidized  to  rhodium  monoxide ^  RhO  ;  fused  with  a  mixture  of  potas- 
sium nitrate  and  potassium  hydroxide  it  is  attacked,  the  resulting  mass 
when  treated  with  acid  leaving  gray,  metallic  rhodium  sesquioxide, 
RhjOa,  or  gray  metallic  rhodium  dioxide,  RhO^,  according  to  the  con- 
ditions of  treatment,  or  a  mixture  of  both  these  oxides.  The  rhodium 
hydroxide,  Rh(0H)3,  black,  weakly  acidic,  and  basic,  and  the  green, 
powdery  rhodium  hydroxide,  Rh(0H)4,  corresponding  respectively  to 
the  oxide  Rh^Os,  and  the  oxide  Rh02,  are  known.  When  heated  in 
chlorine  gas,  the  metal  yields  brownish  red  rhodium  trichloride,  RhClg, 
which  is  capable  of  entering  into  combination  with  alkali  chlorides  to 
form  double  salts.  From  chlorpurpureo-rhodium  chloride,  Rh(NH3)5Cl3, 
one  of  many  existing  complex  ammonia  compounds,  rhodium  may  be 
prepared  in  pure  condition. 

Palladium,  a  silvery  white  metal  of  specific  gravity  11.9  and  melting 
at  1500°,  was  discovered  by  Wollaston  in  1803.  When  finely  divided, 
palladium  is  attacked  by  boiling  and  concentrated  hydrochloric  acid, 
by  nitric  acid,  and  by  sulphuric  acid.  The  most  striking  peculiarity  of 
palladium  is  its  capacity  to  occlude  hydrogen  to  the  extent  of  370  times 
its  own  volume  when  in  thin  foil  at  ordinary  temperatures,  650  times  its 
own  volume  at  90°  to  100'',  800  times  its  own  volume  when  finely  divided, 
and  as  much  as  960  times  its  ovvn  volume  when  made  the  negative  pole 
in  an  electrolytic  cell  in  which  water  is  undergoing  electrolysis.  The 
palladium-hydrogen  thus  formed,  though  of  greater  specific  volume  and 
lower  specific  gravity  than  palladium,  has  the  appearance  of  palladium. 
It  loses  hydrogen  at  130**  under  atmospheric  pressure,  and  yields  all  its 
hydrogen  when  heated  in  a  vacuum.  The  nature  of  the  union  of  the 
elements  in  the  palladium-hydrogen  is  not  fully  understood.  The  earlier 
view  that  a  d^^mit  palladium  hydride,  PdaH,  is  formed  appears  to  be 
untenable  in  the  light  of  recent  investigation,  but  the  newer  idea  that 
the  material  i;i  simply  a  "  solid  solution  "  in  which  gaseous  hydrogen 
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is  dissolved  in  solid  palladium  meets  with  some  difficulty  in  the  fact 
that  the  dissociation  of  palladium-hydrogen  does  not  proceed  with 
regularity  independent  of  the  composition  of  this  substance.  Palladium- 
hydrogen  is  a  powerful  reducer,  releasing  hydrogen  in  active  form  as  if 
'^  nascent/'  and  capable  of  reducing  ferric  salts  to  the  ferrous  condition 
and  of  acting  upon  chlorine  to  form  hydrociUoric  acid  and  upon  iodine 
to  form  hydriodic  acid. 

Palladium  acts  as  a  positive  ion  in  series  of  palladium  salts,  in  which  it 
shows  a  valence  of  II.  Palladious  nitrate^  Pd(N0s)2,  dark  brown  and 
deliquescent,  is  formed  when  palladium  and  nitric  acid  react;  brown 
deliquescent /<zZi^///^2^x  chloride^  PdCl^,  is  left  when  the  solution  formed 
by  acting  upon  palladium  with  aqua  regia  is  evaporated  to  dryness,  and 
compounds  of  palladious  chloride  with  alkali  chlorides,  such  as  K2PdC]4, 
in  which  the  bivalent  palladium  is  the  constituent  of  the  negative  ion, 
are  easily  formed ;  black  palladious  iodide ^  Pdlj,  is  precipitated  from 
palladium  salts  by  potassium  iodide ;  crystallized  brown  palladious  sul- 
phate^ PdSO*  •  2  H2O,  is  obtained  by  the  action  of  sulphuric  acid  upon 
palladium.  Black  palladious  oxide,  PdO,  left  upon  careful  ignition  of 
palladium  nitrate,  when  heated  to  redness  loses  half  its  oxygen,  with  for- 
mation of  palladium  suboxide^  Pd^O,  and  at  white  heat  forms  the  metal ; 
black  palladium  dioxide,  Pd02,  and  a  corresponding  hydroxide,  weakly 
acidic  and  basic,  are  formed  by  the  action  of  an  alkali  hydroxide  upon 
palladious  tetrachloride.  Palladium  tetrachloride^  P(iCl4,  in  which  quad- 
rivalent chlorine  is  the  positive  ion,  and  chlorpalladic  acid,  H^PdClg,  in 
which  quadrivalent  palladium  is  a  constituent  of  the  negative  ion,  are 
produced  in  solution  when  palladium  is  acted  upon  by  aqua  regia.  Upon 
this  solution  ammonium  chloride  and  alkali  chlorides  act  to  form  chlor- 
palladates,  such  as  red  potassium  chlorpalladate,  K2pdCle,  and  red  ammo^ 
nium  chhrpalladate,  (NH4)2PdCl6,  difficulty  soluble  in  water. 

Osmium,  discovered  by  Tennant  in  1804,  the  heaviest  of  the  metals, 
of  specific  gravity  of  22.4,  fusing  only  at  2500°,  is  obtained  as  a  black 
powder,  or  as  crystals  with  metallic  luster.  Ignited  in  fine  powder,  the 
metal  burns  in  air,  forming  white  osmium  tetroxide,  OSO4,  fusible  below 
100°,  capable  of  distilling  at  somewhat  higher  temperature,  slowly  soluble 
in  water  to  a  solution  of  neutral  reaction,  volatile  in  steam,  of  unpleasant 
odor,  suggesting  sulphur  chloride,  irritating  to  the  eyes  and  mucous 
membrane,  easily  reduced  to  metal,  and  useful  in  hardening  tissues  for 
microscopic  examination.  Other  oxides,  osmium  dioxide ,  OsOj,  osmium 
sesquioxide,  OsyOn,  and  osmium  monoxide,  OsO,  have  been  prepared  by 
fusing  suitable  salts  of  osmium  with  sodium  carbonate.  A  blue-black 
osmium  hydroxide,  Os(OH)2,  very  sensitive  to  the  action  of  the  air,  may 
p>ossibly  exist ;  brown-red  osmium  trihydroxide,  Os(OH)8,  appears  to  be 
both  weakly  basic  and  weakly  acidic ;  the  oxyhydroxide,  OsO(OH)2, 
corresponding  to  osmium  dioxide,  OSO2,  has  acidic  properties  ;  while  no 
hydroxide  and  no  salts  corresponding  to  osmium  tetroxide  are  known. 

^^  fusing  osmium  compounds  with  potassium  hydroxide  and  potassium 


and  crystallizes  in  the  form  of  dark  violet  octahedra,  K,OsO,  -  i  H>>. 
Neither  the  acid  nor  the  oxide  corresponding  to  this  salt  is  k'nora^ 
Three  chlorides  of  osmium  are  formed  l>y  the  action  of  chlorine  on  the 
metal ;  dark  green  osmium  dickloride,  OsCl^ ;  purple  osmium  tricMoriJe, 
OsClj,  and  red  osmium  tetrachloride,  OsCl,.  Iridosmijie,  an  alloy  of 
osrajum  with  iridium,  the  residue  of  the  extraction  of  platinum  ore  bv 
aqua  regia,  is  hard,  and  finds  application  in  tipping  gold  pens. 

Iridium,  a  silvery  metal  of  specific  gravity  21.38,  hard,  fusible  at  1950' 
in  the  oxyhydrogen  flame,  was  discovered  by  Tennant  in  1804.  It  miy 
be  separated  from  iridosmine  by  forming  and  volatilizing  osmium 
tetroxide  in  a  current  of  oxygen.  It  alloys  with  platinum,  and  enhance: 
the  useful  properties  of  that  metal  for  laboratory  purposes,  and  :• 
generally  present  in  platinum  utensils.  Pure  iridium,  even  when  finth 
divided,  is  slowly  attacked  by  aqua  regia.  Iridium  forms  three  chlorides : 
dark  olive-green,  iridium  dichioride,  IrClj,  and  bright  olive-green,  iriJtan 
trichloride,  IrCIj,  formed  by  ignition  of  the  finely  divided  metal  m 
chlorine,  and  iridium  tetrachloride,  IrCl„  formed  by  the  action  of  aq-u 
regia  upon  the  metal.  Iridium  trichloride  forms  with  alkali  chlorides 
double  salts,  such  as  KJrCl,  ■  3  HjO  ;  and  iridium  tetrachloride  dissolve- 
in  water  to  form  chloriridic  acid,  HjIrCle.  which  acts  upon  alkil 
chlorides  to  form  chloriridates,  such  as  K,IrCla  and  (N  H^1,^t<:Ia.  Frora 
the  iridium  chlorides  may  be  obtained  the  three  oxides  :  black  iridium 
monoxide,  IrO,  blue-black  iridium  sesquioxide,  IrO,  and  bbck  iridium 
dioxide,  IrO;.  A  black  iridium  trihydroxide,  Ir(OH)„  of  weak  tas.t. 
properties,  corresponding  to  the  sesquioxide,  IrjOj,  and  an  indigo-blue 
iridium  tetrahydroxide,  Ir(OH)i,  of  neutral  behavior,  corresponding  to 
iridium  dioxide,  IrOo,  are  known. 

Hatinum  is  a  grayish  white  metal  of  specific  gravity  21.45,  t^™^- 
malleable,  ductile,  softening  at  red  heat  and  capable  of  welding,  fusioi 
at  1770°  in  the  oxyhydrogen  flame.  Il  occludes  hydrogen  and  oxygeti 
more  or  less  according  to  its  state  of  division,  the  finely  divided  "  plati- 
num black,"  obtained  by  precipitating  the  metal  from  its  salts  by  a  more 
electro- positive  metal,  like  zinc,  being  capable  of  absorbing  as  mnch  as 
310  times  its  own  volume  of  hydrogen  and  100  times  its  own  volume 
of  oxygen,  each  of  these  gases  being  fully  expelled  from  the  metal  ii 
red  heat.  To  this  capacity  of  platinum  to  occlude  oxygen  and  hydro- 
gen is  due  the  value  of  platinum  as  a  "  catalytic  agent "  in  many  processes. 
The  "  contact  process  "  for  making  sulphur  trioxide  by  passing  sulphur 
dioxide  with  oxygen  over  spongy  platinum,  obtained  by  igniting  amme- 
nium  ehlorplatinate,  (NH^jPtcC,  as  well  as  the  automatic  gas-lighters, 
which  ignite  illuminating  gas  projected  against  a  bit  of  spongy  platinum 
previously  expiosed  to  air,  work  by  reason  of  this  property  of  platinum. 

When  platinum  is  disintegrated  by  passing  an  electric  arc  between 
platinum  poles  immersed  in  water,  the  finely  divided  platinum  formi 
a  colloidal  solution   and   exhibits  catalytic  effects.     Platinum   reasti 
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this  action  of  many  common  laboratory  reagents,  and  for  this  reason 
is  especially  useful  as  material  for  laboratory  utensils.  It  is  not  attacked 
by  most  acids  or  bases  in  solution,  or  even  by  the  alkali  carbonates  in  a 
state  of  fusion.  It  is,  however,  acted  upon  by  alkali  hydroxides,  sul- 
phides, and  cyanides,  at  red  heat ;  and  it  forms  alloys  with  many  metals, 
as  well  as  with  phosphorus,  arsenic,  and  other  less  common  elements. 

Platinum  shows  a  valence  of  II  or  IV,  and  forms  compounds  in  which 
it  is  a  constituent  of  the  negative  ion  as  well  as  compounds  in  which  it 
is  the  positive  ion. 

When  platinum  is  acted  upon  by  aqua  regia,  the  solution  containing 
an  excess  of  hydrochloric  acid  leaves  upon  evaporation  reddish  brown 
hygroscopic  crystals  of  chlorplatinic  acidy  HgPtCle  •  6  H^O.  From  the 
suitably  concentrated  solution  of  this  compound,  potassium  chloride 
precipitates  difficultly  soluble  potassium  chlorp/atinate,  K^PtClfl, 

.     H4PtCle  +  2  KCl  =  KjPtClfl  +  2  HCl 

and  ammonium  chloride  behaves  similarly,  forming  the  difficultly  soluble 
ammonium  chlorplatinatey  (NH4)2PtClfl.  The  chlorplatinaies  of  rubid- 
ium, caesium,  and  thallium  are  likewise  difficultly  soluble,  but  sodium  chior- 
platinate^  Na^PtCle,  is  very  soluble  in  water  and  in  alcohol.  Upon  this 
difference  in  the  properties  of  the  chlorplatinaies  rests  the  best  method 
available  for  the  analytical  separation  and  determination  of  sodium  and 
potassium  in  the  salts.  Upon  ignition  the  chlorplatinaies  are  decom- 
posed, the  alkali  chlorplatinates  leaving  spongy  platinum  and  the  corre- 
sponding alkaH  chlorides,  while  ammonium  chlorplatinate  leaves  pure 
spongy  platinum,  the  ammonium  chloride  volatilizing. 

Carefully  heated  in  an  atmosphere  of  chlorine,  chlorplatinic  acid, 
H2PtCl(|,  liberates  hydrochloric  acid,  and  reddish  brown  crystalline  non- 
hygroscopic  platinum  tetrachloride ^  PtCl^,  remains.  Upon  treating  a 
solution  of  chlorplatinic  acid  or  of  platinum  tetrachloride  with  sodium 
hydroxide,  and  then  with  acetic  acid,  a  reddish  brown  precipitate  of 
platinic  hydroxide^  Pt(0H)4,  is  formed.  This  hydroxide  is  acted  upon 
by  each  of  several  acids,  though  not  by  acetic  acid,  and  by  alkali  hydrox- 
ides, and  so  may  be  either  basic  or  acidic  according  to  conditions.  By 
heating  chlorplatinic  acid  to  200°,  green,  insoluble  platinum  dichloride, 
PtClj,  is  formed,  which  with  alkali  chlorides  yields  chlorplatinites,  such 
as  NagPtCli,  sodium  chlorplatinite,  which  upon  ignition  yields  chlorine 
and  platinum.  When  digested  with  an  alkali  hydroxide,  platinum  di- 
chloride  yields  h\^c\i  platinous  hydroxide,  Pt(OH)2,  both  basic  and  acidic. 

Sulphides  of  platinum,  PtS  and  PtS2,  are  known,  corresponding  to  the 
oxides.  Certain  double  cyanides  or  salts  of  the  hypothetical  cyanplati- 
nous  acid  are  recognized,  one  of  which,  barium  cyanplatinite  or  banum 
platinocyanide,  BaPt(CN)4  •  4  H/),  is  useful  in  making  visible  the  Ront- 
gen  rays.  Two  series  of  platinum  ammonium  compounds,  derived  by 
the  action  of  ammonia  upon  platinum  dichloride  and  platinum  tetra- 
chloride, show  interesting  relations  of  an  intricate  nature. 


CHAPTER  XIX 

TERTIARY  SERIES  — GROUP 

Group  I.  Samarium,  Sm,  15 
Thuuum,  Tm,  1 7 
Group  II.  Ytterbium,  Yb,  i 
Group  III.  Gadolinium,  Gd, 
Gkoup  IV.  Terbium,  Tb,  i6( 
Group  V,  Praseodvmium,  Pi 
Group  VI.  Neodvmium,  Nd, 
Erbium,  Er,  t66 

Group  VII.  

Group  VIII.   

The  relationship  between  the  elements  of  th< 
Tertiary  Series  is  so  very  close  that  the  enli 
regarded  as  a  single  group  of  allied  divisions  i 
divisions  a,  b,  c,  of  Group  VllI,  in  the  Secondai 

The  elements  samarium,  thulium,  ytteriiun 
praseodymium,  neo/iymium,  and  erbium,  hav 
isolated  in  pure  elementary  form,  but  many  of  tl 
pared.  These  elements  occur  in  certain  rare 
compounds  they  generally  play  the  part  of  triv 
minium.  The  oxides  and  hydroxides  of  the  e 
water,  the  chlorides  and  nitrates  are  soluble,  tl 
but  some  of  them  form  with  potassium  sulphal 
soluble  in  the  presence  of  an  excess  of  potass 
that  the  nitrates  of  these  elements  are  decomp 
temperatures  makes  it  possible  to  use  a  fraction 
nitrates  for  the  purpose  of  effecting  separations  > 
elements.  The  salts  of  many  of  these  elem 
absorption  spectra,  and  the  oxides  when  heati 
become  highly  luminous.  The  study  of  the  1 
surrounded  as  it  is  with  much  difficulty,  has  be 
announcement  of  the  discovery  of  new  elemei 
afterwards  been  doubted,  and  in  some  cases  dis 
time  the  question  of  the  existence  of  the  elem 
ielium,  recently  announced  by  Baskervilie,  is  a  1 
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The  history  of  the  isolation  of  the  compounds  of  the  elements  praseo- 
dymium and  neodymium  is  typical.  In  1839  Mosander  prepared  from 
the  mineral  ceriig  certain  salts,  among  others,  which  he  regarded  as 
compounds  of  the  single  element  didymium.  For  more  than  fifty  years 
the  elementary  character  of  didymium  was  accepted,  until  Auer  von 
Welsbach,  by  a  most  laborious  process  of  fractional  precipitation  of 
the  double  nitrate  of  didymium  and  ammonium,  succeeded  in  isolating 
two  distinctly  different  double  nitrates,  2  NH4NO8  •  Pr(N08)8'4  HjO  and 
2  NH4(N08)  •  Nd(N08)8  •  4  HjO,  from  which  were  prepared  two  different 
series  of  salts,  of  different  elements,  which  were  now  nsLmed  praseodymium 
and  neodymium.  The  praseodymium  salts  are  leek-green,  while  the 
neodymium  salts  are  rose- violet ;  and  the  absorption  spectra  of  solutions 
of  the  salts  are  correspondingly  characteristic. 

Associated  with  the  element  yttrium  in  the  mineral  gadoliniie  occur 
in  combination  the  other  known  elements  of  the  tertiary  series,  samarium^ 
thulium^  ytterbium^  gadolinium^  terbium,  and  erbium^  none  of  which, 
however,  has  been  prepared  in  free  condition. 

In  the  accompanying  table  are  given  the  symbols  of  some  character- 
istic compounds  of  the  elements  of  the  tertiary  series : 

Samarium,  SmjOg,  SmjOs-^HsO,  SmClg  •  6  H A  Sms(S04)8  •  8  H,0, 

SmCNOs),  •  6  HA  SmjCCOs)^  •  3  HjO. 
Thulium,  l[mfi^(y),  Tms(S04)8,  (?),  Tm(N08):<?). 
Ytterbium,  YbA,  YbjOg  •  6  H^O,  Yh^^^)^  •  8  H^O. 
GadoUnium,  Gd A,  Gd(S04)8  •  8  HjO,  GdCla  •  6  HA  Gd(N08)8  •  6  HA 

Gda(C03)3-i3HA 
Terbium,  IX^^,  ThjO,  •  6  HA  Tb8(S04)s  •  8  HA  Tb(N03)8  •  6  HjO, 

TbsCCO,),  •  «H,0. 
Praseodymium,  Yxjd^,  "^xjd^,  FrA,  PrA,  PrClj.  yHjO,  Pr8(S04)8-  SHjO, 

Pr,08S04,  PrH8(S04)3,  PrCNO,),  •  6  H^O,  Pr,(C03)8  •  8  HA  Pr^S*. 
Neodymium,  NdjOj,  NdA(?),  NdA,  NdCl3-6H20,  Nd,(S04)«-8HA 

NdjOaSO*,  NdH8(S04)3,  Nd(N08)8,  NdjSs. 
Erbium,  Er A,  Er A,  Er20(OH)4,  ErCl,,  Er^CSO*),  •  8  HgO,  Er(N08)«  • 

6  HA  Er A(C0,)2 .  2  HjO,  Er^Sj. 
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Absolute  boiling  point,  56. 

Absolute  scale,  147, 

Acetates,  107. 

Acetic  acid,  iig\  Z07,  ill. 

Acetic  fermentation,  107. 

Acetylene,  210  ;   Z04, 115,  1 16. 

Acidic  nitrates,  145. 

Acidic  oxides,  114, 

Acidic  salts,  120. 

Acidity,  //6, 208, 

Acids,  106^  114,  226, 22g  ;   18. 

Actinium,  448. 

Action,  i2y,  130, 

Active  mass,  /j/. 

Affinity,  103,  ig8,  200,  233, 

After  damp,  103. 

Agate,  118. 

Air,  78,  76,  77,  78;    7,  24,  134,  135,  217, 

219. 
Air  gas,  115. 
A/di/i,  29,  94,  118,  123. 
Albumen,  62. 
Alcohol,  6j  ;   zo6. 
Alizarin,  115. 
Alkali  earth  elements,  50. 
Alkali  elements,  28. 

Allotropic  forms,  93,  161,  181,  231,  366. 
Alloys,  20,  89,  210,  358,  366,  373,  381, 

387»39i.  4"3»423f477« 
Aluminates,  75,  89. 

Aluminit€,  85. 

Aluminium,  74,  84,  88. 

Carbide,  109. 

Chloride,  88,  9a 

Fluoride,  289. 

Hydroxide,  86. 


Nitrate,  87. 

Oxide,  88. 

Sulphate,  84,  87. 

Tribromide,  326. 

Triiodide,  336. 
Aluminium  bronze,  89,  358. 
Alums,  85,  440,  468. 
Aluniie,  85. 

Amalgamation  process,  372. 
Amalgams,  152,  372,  381,  391. 
AmblygoniU,  31. 
Amines,  484. 

Ammonia,  80,  81,  83  \   144,  149. 
Ammonia  compounds,  212  ;   361. 
Ammonia  water,  83^  tig  ;   149. 
Ammonium  alums,  85,  440,  468. 
Ammonium  carbonate,  151. 

Chloride,  82,  84;  134,  150,  151. 

Dichromate,  159. 

Hydrogen  sulphate,  151. 

Hydrogen  sulphide,  267. 

Hydroxide,  83,  iig  ;   149. 

Magnesium  orthophosphate,  58,  168. 

Nitrate,  «?^,  ^j  ;   150,  152. 

Nitrite,  158. 

Orthophosphates,  171. 

Oxalate,  158. 

Phosphomolybdate,  168,  446. 

Sulphantimonite,  207. 

Sulpharsenate,  195. 

Sulpharsenite,  193,  269. 

Sulphate,  84-,   150,  15a. 

Sulphide,  268. 

Sulphostannate,  415,  416. 
Ammonium  compounds,  81,84  >  ^37*  'S^'* 
Analysis,  //. 
Anatase,  129. 
Anglesite,  410,  429. 
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Atthydritt,  30,  51,  231, 
Ad  nine,  115. 
Animal  ch&rcoal,  97. 
AnDcaling.  139. 
Anerthiti,  94,  1 18,  tZ2. 
Anlhcacene,  1 15. 
Anlhcacene  oil,  115. 

Antichlor,  198. 
AulimoniEea,  Z03. 
Antimanioui  lulphide,  306. 
Antimonitei,  199,  ao6. 
Antimony,  134,  135,  197. 

Hydrogen  tattnte,  aoi. 

Nitrate,  201. 

PcDtachlotide,  905. 

Pentafluutide,  306. 

Penta iodide,  206. 

Pentasulphi'le,  307. 

Pentoxide,  K)3.  ^^ 

Sulpbate,  300. 

Tartrate,  201. 

Tetruxide,  203. 

Tribromide,  206. 

Trichloride,  305,  303. 

Tritluoride,  ao6. 

Trihydride,  204. 

Triioilide.  206,  345. 

Trioxide,  198. 

Trisulphide,  206. 
Antimony  cinnabar,  206. 
A f  mitt,  286. 
Aragoniti,  59. 
Argon,  So;  34,  36. 
ArgiHlitt,  357,  368. 
Argyrediti,  409,  411. 
AKRHKNK'S,  iSS,32S. 

Aiienic,  lj,4.  135,  181. 


Di»ul'[ifi»le, 


192. 


<ide,  183,  1B5,  186,343. 


Hv.fr 
Oxide 
PenUchloridc,  191. 
Pentasulphid?,  193,  194. 
Pentoxide,  183. 
Sulphide,  iga,  194. 
Tribromide,  191. 
Trichloride,  191. 


Triiodide,  191,340,345. 
Trioxide,  «7  ;   183,  186. 
Triiulphide,  191,  193,  194,  265,  369. 
Arsenic  acid,  183,  185,  186,  343. 

Anenioua  oxide,  S-j  ;   183,  1 86, 
Hydroxide,  nb;    183,  339, 

Sulphide,  tgi,  193,  194,  365,  369. 
Arsenious  acid,  /jS;  183,  339. 
ArienalUi,  13;,  181,  t8z. 
Anine,  189,  190. 
Aihe*,  36. 

Atymmetric  carbon  atotn,  2ig. 
Alacamile,  304. 
Atmosphere,  7X,  76,  77,  78;   7,  14,  t34, 

135,  217,  219. 
Atomic  weights,  317,  918. 
Atoms,  ate,  218,  212,  227. 
Auralet,  374. 
Auric  acid,  374. 
Auric  Bromide,  337. 

Chloride,  302,  345,  373. 

Hydroxide,  374. 

Oxide,  374. 

Sulphide,  375. 
Aurous  oxide,  375. 

Sulphide,  375. 
Avidity,  2J3. 

AVOGADRO,  776,  32S, 

Azoimide,  153. 
Aturitt,  357,  361. 


Baking  powder,  106. 
Baiting  soda,  33, 
Balanced  acli< 
Bai^ard,  314. 
Barilt,  70,  231, 
Barium,  50,  69,  71. 

Carbide,  109. 

Carbonate,  09,  71, 

Chlorate,  31 1. 

Chloride,  7a 

Chromate,  71, 443. 

Cyanide,  154. 

CyanplitiDile,  491. 

Dioxide,  71,  310. 
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Barium  [^con/inugeT]  — 

Dithionate,  262. 

Fluoride,  29Q. 

Hydroxide,  70. 

Hypophosphite,  174. 

lodate,  350,  351. 

Nitrate,  70. 

Oxide,  70. 

Periodate,  351,  353. 

Peroxide,  71,  220. 

Platinocyanide,  491,    . 

Sulphate.  59, 71,  252. 

Sulphite,  246. 

Thiosulphate,  259. 
Barometer,  ji. 
Baryta,  70. 

Bases,  i/j,  22y,  2ag ;  19. 
Basic  nitrates,  145. 
Basic  oxides,  it 4. 
Basic  salts,  121, 
Basic  sulphates,  253. 
Basicity,  //d,  ao8, 
Baskerville,  448,  492. 
Bauxite^  75,  84,  86,  129. 
Beer,  106. 
Beckbcann,  /9j. 
Benzene,  210  ;   105,  113,  115. 
Benzine,  115. 
Bernoulli,  222, 
Bbrthelot,  is(>* 

BEftTHOLLET,  /JO. 
Beryl,  51,  84. 
Beryllium,  50,  51. 
Berzelium,  492. 
Berzelius,  419. 
Bessemer  converter,  475. 
Bismuth,  134,  135,  aog.  ^ 

Chromate,  212. 

Dihydroxynitrate,  122^  208 ;  an. 

Hydroxide,  213. 

Hydroxycarbonate,  212. 

Hydroxynitrate,  211. 

Hydroxysulphate,  210. 

Nitrate,  122,  208  ;  an. 

Orthoantimonate,  212. 

Orthoarsenate,  212. 

Orthophosphate,  212. 

Oxybromide,  327. 


Oxychloride,  30a. 

Oxyhydroxide,  214* 

Pentoxide,  215. 

Subnitrate,  212. 

Sulphate,  210. 

Tetroxide,  215. 

Tribromide,  213, 

Trichloride,  212,  302. 

Trifluoride,  81,  213. 

Triiodide,  213. 

Trioxide,  214. 

Trisulphide,  213. 
Bismuth  ochre,  135,  209,  214. 
Bismuthic  acid,  214. 
Bismuthic  oxyhydroxide,  214. 
Bismuthinite,  135,  209,  213. 
Bituminous  coal,  no. 
Black  ash,  40. 
Blast  furnace,  473. 
Bleach  liquor,  320. 
Bleaching,  242,  298. 
Bleaching  compounds,  306,  3aa 
Bleaching  powder,  222,  320. 
Blowpipe,  117. 
Blue  vitriol,  359. 
Bog  iron  ore,  113,  460. 
Boiling  point,  igo,  igr. 

BOISBAUDRAN,  405. 

Bone  ash,  180. 
Bone  black,  97. 
Bone  phosphate,  160. 
Borax,  74,  77.  ^ 
Boric  acid,  75. 
Borniie,  356. 
Boron,  74,  75, 8a. 

Carbide,  82,  109. 

Fluoride,  289. 

Hydride,  82. 

Hydroxide,  75. 

Nitride,  82. 

Phosphate,  81. 

Sulphate,  81. 

Tribromide,  326. 

Trichloride,  82. 

Trioxide,  76. 

BOUSSINGAULT,  78, 

Boyle,  J/,  70,  224. 
Boyle's  law,  j/,  /70, 224, 
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Brass.  3;S,  jgt. 

Braunite,  449,  453, 

Bread  making,  106. 

BrLk,  I3S. 

Brines,  30,  37,  1S6. 

Britannia  metal,  413.    , 

Brumic  acid,  332. 

Bromide*,  326,  317,  328,  319,  330. 

Bromine,  285,  286,  321,  324, 

BtoTTioe  water,  324. 

BroDze,3<),  358.4C3. 


Bunaen  burner,  116. 
Bunsinitc,  479. 
Burning,  j6;    230. 
Burning  oil,  115. 
Butane,  105. 
Butylene,  105. 


Cadmium,  37S,  387, 

Bromide,  339. 

Carbonate,  389. 

Chloride,  388. 

Hydroxide,  389. 

Iodide,  389. 

Nitrate,  388. 

0»ide,  387. 

Sulphate,  388.-- 

Sulphide,  389. 
Cadmous  oxide,  390. 

Hyaroiide,  390. 
C-xsium,  28,  48. 
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Calam 

rn/fiY(.  50,  51,59. 

Calcium,  50,  59,  05. 

Aluminate,  87. 

Arsenite,  184. 

Carbide,  104,  108. 


Hydrogen  orthophosphate,  l6| 
Hydroxide,  69 ;  6i.<>4. 
Ilypocbloiitc,  322,  305,  3XX 
Iodide,  340. 
Manganite,  3'8,455- 


Nitra 


,63. 


Orthoa 

Orthoplunibate,  430. 

Oxide,  (W,  69;  60. 

Phosphide,  175, 179, 

Sulphate,  63,  64,  253. 

Sulphide,  265. 

Sulphite,  246. 
Calcium  light, J? ;   61. 
Caliche,  287. 
Calomel,  399. 
Calorie,  jS,  14J. 
Calorimeter,  /_y,  ijj. 
Cane  sugar,  1S7  ;   106. 
Carat,  95,  373. 
Carbides,  loS. 

Carbohydrates,  95,  106,  lia 
Carbolic  acid,  115. 
Carbon,  93,  95. 

Dioiide,  39, 66,  jg;  94, 97.  $& 

Disulphidc,  loS,  265. 

Monoxide,  101, 103. 

Nitride,  108. 

Tetrachloritle,  298. 
Carbon  atom.  2ig. 
Carbonatft,  93.  94,  95,  99.  lOO. 
Carbonating  tower,  41. 
Carbonic  acid.  94.  99. 
Carbonyl  chloride.  300. 
Carborundum.  109.  125. 
Carburettor,  1 1 5. 
Carnallill,  30,  5I,  55.  386,  304. 
CaroliDium.  448.  493. 
Csle-hardening.  476. 


410,  412,  420. 
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Centigrade  scale,  146, 

Ceramics,  127. 

Cerargyrite ,  357,  368. 

Cerite,  92,  94,  131,  493. 

Cerium,  93,  131. 

Cerussite,  410,  429. 

ChaUociUf  356. 

Chalcopyrite,  356,  365,  460. 

Chalk,  51,  59. 

Chamber  crystals,  274. 

Chamber  process,  273. 

Champagne,  99. 

Changes,  /,  //,  /6,  i2g^  1^4. 

Charcoal,  97,  ill. 

Charles,  32^  lyo^  22^.  . 

Charles's  law,  j^,  lyo,  22^. 

Chemical  affinity,  /oj,  igS^  200,  233, 

Changes,  /,  //,  16, 12^9  134* 

Compounds,  13^  IS,  21,  14^,  ij2, 163, 

m*  '79^  '^<^*  ^^^9  '97f  ^<^'t  ^^o\ 

12. 
Elements,  /,  9,  2r,  loi,  148,  i^g,  161, 

178, 181,  igs*  213,  218  ;  3. 4.  5»  7»  8, 

9*  "»  28. 
Energy,  /2, 

Equilibrium,  127,  133,  136,  138, 
Equivalents,  13,  ig,  HO,  21, 5-?,  9J,  148, 

Mass-units,  138,  1S9,  j6o,  1^4,  213, 
Reactions,  /j,  /6,  7^9, 133,  132, 
Symbols,  138,  160,  161 ,  163,  165,  /<?/, 
797,  202. 

Chemistry,  3. 

Chili  saltpeter,  82;   134,  137,  287. 

China,  127. 

Chloranhydrides,  300. 

Chlorates,  310,  319. 

Chlorauric  acid,  374. 

Chloric  acid,  310,  311. 

Chlorides,  3P2,  303,  304. 

Chlorination  process,  377. 

Chlorine,  285,  286,  292,  296,  297,   298, 

299»  300»  317- 
Dioxide,  314. 

Heptoxide,  315. 

Monoxide,  313. 
Chlorine  hydrate,  297. 
Chlorine  water,  297. 


Chlorites,  309. 
Chloroform,  105,  298. 
Chlorophyl,  99. 
Chlorplatinates,  491. 
Chlorplatinic  acid,  491. 
Chlorplatinites,  49 1 . 
Chlorstannates,  414. 
Chlorstannic  acid,  414. 
Chlorsulphonic  acid,  178,  271. 
Chrome  alum,  85,  440. 
Chrome  yellow,  443.      ^-^ 
Chromic  acid,  229,  441. 
Chromic  anhydride,  441. 
Chromic  chloride,  438. 

Hydroxide,  438. 

Oxide,  435,  437. 

Oxyhydroxide,  438. 

Sulphate,  439. 
Chromite,  434,  438,  44(X 
Chromites,  438. 
Chromium,  434,  435. 

Oxychloride,  444. 

Trioxide,435,  441- 
Chromous  chloride,  436. 

Hydroxide,  437. 
Chromyl  chloride,  437,  444. 
Chrysoberyl,  75,  87. 
Chrysolite,  122. 
Cinnabar,  231,  391,  397, 
GassiBcation,  3. 
Claus,  487. 
Clausius,  222,  228, 
Clay,  75,84,  127. 
Climate,  j-^y ;  225. 
Coal,  94,  96,  1 10. 
Coal  Hres,  102. 
Coal  gas,  104,  112. 
Coal  oil,  96. 
Coal  tar,  112,  115. 
Cobalt  amines,  484. 
Cobalt,  459,  481. 

Monosulphide,  482. 

Monoxide,  483. 

Sesquioxide,  484. 
Cobalt  compounds,  22/, 
Cobaltic  hydroxide,  222,  484. 

Oxide,  484. 

Sulphate,  483. 
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Dicyanogen,  158. 
Diiodoamine,  154. 

Dimercurammonium  chloride,  396,  400, 
402. 

Hydroxide,  402. 

Nitrate,  394,  398,  402. 

Oxide,  402. 
Dimethyl  acetylene,  105. 
Diphenyl  iodonium  hydroxide,  354. 
Diphenyl  iodonium  iodide,  354. 
Disilicic  acid,  120. 
Disinfectants,  298,  306,  325. 
Disodium  dihydrogen  diphosphate,  169. 
Disodium     dihydrogen      hypophosphate, 

173- 
Disodium      dihydrogen     pyrophosphate, 

169,  170. 

Disodium  hydrogen  arsenite,  184. 

Disodium  hydrogen  orthoarsenate,  186. 

Disodium  hydrogen  orthophosphate,  166. 

Displacement  apparatus,  iy2. 

Dissociation,  777,  188^  226,  228. 

Distillate,  65*. 

Distillation,  6^,  (^^  ;    110,115. 

Disulphates,  255. 

Disulphites,  247. 

Disulphur  trioxide,  237. 

Disulphuric  acid,  254. 

Dithionic  acid,  261. 

DObereiner,  3. 

Double  salts,  210^  2ig  ;  48. 

Dry  distillation,  82%  96,  1 1 1,  1 12,  1 15. 

DULONG,  i4y. 

Dumas,  78,  216, 

Dyes,  115. 

E 

Eau  de  Javelles,  306. 

Eka-aluminium,  405. 

Eka-boron,  7. 

Eka-silicon,  411. 

Electrical  charges,  2t^, 

Electrical  conductivity,  22g, 

Electrical  equivalents,  9^,  9^. 

Electrical  potential,  /jj. 

Electrical  units,  g2. 

Electrolysis,-^,  6,  9^,  9J,  9^,  95,  96;   17, 


18,  38,  42,  46,  221,   257,  294,  3a>» 
320,  334. 

Of  chlorides,  300. 

Of  copper  sulphate,  9^. 

Of  hydrochloric  acid,  9^,  95;   17,  294. 

Of  hydroxides,  221. 

Of  iodides,  334. 

Of  potassium  chloride,  42,  320. 

Of  potassium  hydroxide,  18,  46. 

Of  sodium  chloride,  95  ;  300. 

Of  sodium  hydroxide,  g6  ;  38. 

Of  sulphuric  acid,  17,  221,  257. 

Of  water,  4^  6,  g^. 
Electrolytes,  79/,  79^,  228,  22g. 
Electrolytic  dissociation,  228, 
Electrolytic  iron,  461. 
Electrons,  2/6. 

Electro-plating,  371,  376,477. 
Elements,  7,  9, 2/,  joj,  148^  i^g,  idf,  178, 
i8i,  igs,  21J,  »t8;  3,  4,  5,  7,  8, 9, 1 1. 
28. 

Atomic  weights  of,  218;  4,  9. 

Table  of,  gf2j8;  4, 9. 
Enter  aid,  123. 
Emerald  green,  185. 
Emery,  88. 

Endothermic  reactions,  J^j, 
Energy,  2,  ii,  12,  g2,  127, 134, 
Ensiaiite,  122. 
Epsom  salts,  55. 
Equations,  765,  183^206, 
Equilibrium,  127^  133*  '3^*  '3^' 
Equivalents,  7j,  79,  J90, 21,32,  g2,  93, 14b, 
\       148,  149,  138,  isg. 
.  Chemical,  13,  ig,  90, 21,32,  g3, 148,  ijS. 

Electrical,  g2,  93, 

Thermal,  146,  149,  ijg. 
Erbium,  492. 
Ethane,  105. 
Ethyl  alcohol,  63  ;   106. 
Ethyl  chloride,  106. 

Hydroxide,  63 ;   106. 

Metaborate,  81. 

Orthoborate,  81. 

Oxide,  107. 

Phosphite,  172. 

Sulphite,  243. 

Sulphonate,  244. 
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Ethyl  ether,  107. 
Ethylene,  105. 
Eudiometer,  14^  ^. 
Euxenite,  91. 
Evaporation,  6j, 
Exothermic  reactions,  ij^. 
Explosion  bomb,  ij6. 


Factors,  18, 

Faraday,  gj,  228,     • 

Faraday's  law,  9J. 

Fats,  36. 

f  ehling's  solution,  363. 

Feldspars,  29,  75,  84,  94,  I18. 

Fermentation,  acetic,  107. 

Alcoholic,  106. 

Nitric,  82 ;  46,  144. 
Ferric  arsenite,  185,  469. 

Bromide,  327,  469. 

Chloride,  261,  267,  302,  344,  467. 

Ferricyanide,  472. 
\  Ferrocyanide,  471. 

Fluoride,  469. 

Hydroxide,  469. 

Hydroxychloride,  463,  467. 

Hydroxysulphate,  464,  468. 

Nitrate,  469. 

Oxide,  470. 

Phosphate,  469. 

Sulphate,  344,  468. 
/Ji^,,SuIphocyanate,  157,  469. 
Ferricyanides,  156.- 
Ferrocyanides,  156. 
Ferromanganese,  449,  457,  475,  476. 
Ferrous  bromide,  327. 

Carbonate,  465. 

Chloride,  462,  465. 

Chromite,  438. 

Disulphate,  464. 

Ferricyanide,  47l<». 

Ferrite,  470. 

Ferrocyanide,  471. 

Hydroxide,  465. 

Nitrate,  464. 

Oxide,  465. 

Sulphate,  463,  465. 

Sulphide,  264,  265,  466. 


*» 


/ 


< 


^ 


Filtration,  62^ 

Fire  clay,  127. 

Fire  damp,  103,  104. 

Fitzgerald,  232. 

Flame,  115. 

Flint,  118. 

Flowers  of  sulphur,  231,  232. 

Flue  dust,  279,  405,  407. 

Fluoborates,  289. 

Fluorescence,  448. 

Fluorine,  285,  287,  291. 

Fiuorite,  286,  287. 

Fluor  spar,  123,  286,  287. 

Fluosilicates,  289. 

Fluostannates,  415. 

Fool's  gold,  460. 

Fowler's  solution,  184. 

Fractional  distillation,  64* 

Franklinile,  381,  460. 

Fraunhofer  lines,  23. 

Freezing  mixture,  38,  64. 

Freezing  point,  188,  jgi. 

Fuels,  no. 

Fumaroles,  76. 

Fuming  sulphuric  acid,  254,  278. 

Fusible  metal,  210,  413. 

Fusible  white  precipitate,  396. 


Gadolinite,  91,  493. 

Gadolinium,  492. 

Gahnite,  75,  87. 

Galena,  410,  421,  429. 

Galenite,  410^  421,  429; 

Gallium,  405,  406. 

Garnet,  84,  118,  122. 

Garnierite,  460,  461,  477. 

Gas  carbon,  97,  112. 

Gas  law  equation,  /70. 

Gas  liquor,  41,  in. 

Gases,  66, 168,  i6g,  lyj,  222 ;  7,  24. 

Gasoline,  115. 

Gay-Lussac,  48,  50,  9/ ;   82,  276,  296, 

334.  419- 
Gay-Lussac  tower,  276. 

German  silver,  358,  381,  477. 

Germanium,  409,  41Z. 

Gersdorffite,  461,  4774 
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Gibhiie,  75,  86. 
Glass,  120,  Z28|  290. 
Glass  wool,  475. 
Glauber's  salt,  36. 
Glover  tower,  276. 
Glucinum,  50,  51. 
Glucose,  106,  363. 
Glycerine,  36,  45. 
Goethite^  470. 

Gold.  356,  357.  373. 

Chlorides,  373. 

Hydroxide,  374. 

Oxides,  374,  375. 
Gram-equivalent,  75/,  1J4, 
Gram-mass,  6, 
Granite^  29. 
Grape  sugar,  106,  363. 
Graphic  symbols,  797,  20$, 
Granite,  93,  95. 
Green  vitriol,  278,  463,  470. 
Gre^nockUe,  379,  389, 

GrOTTHUS,  2J2, 

Guano,  160. 

GULDBERG,  /JO. 

Gun  metal,  358. 
Guncotton,  143. 
Gunpowder,  46,  147. 
Gypsum,  63,  217,  231. 

H 

Halite,  30,  37,  286,  303. 
Halogen  elements,  285. 
Hard  coal,  iia 
HausmanniUy  449,  455. 
Heat,  67,  146,  i^if  227, 
Heavy  oil,  115. 
Heavy  spar,  70. 
Helium,  80  ;  24,  73. 
Hematite^  460,  461,  47a 
Hempel  burette,  7/. 
Henry's  law,  62* 
Herault,  88. 
Hess,  75^,  22y,  230* 
Hofmann's  apparatUB^  4, 
IIuAnerite,  446. 
Humboldt,  48 , 9/. 
Hydrates,  68^  210, 


Hydration,  do,  68, 
Hydraulic  mining,  377. 
Hydrazine,  153. 
Hydrazoic  acid,  153. 
Hydriodic  acid,  333,  337. 
Hydrobromic  acid,  321,  32*,  328. 
Hydrocarbon  derivatives,  105. 
Hydrocarbons,  94,  95,  X03,  298. 
Hydrochloric  acid,  9?,  gj  ;   17,  292,  294, 

295,  316. 
Hydrocyanic  acid,  155. 
Hydroferricyanic  acid,  156. 
Hydroferrocyanic  acid,  156. 
Hydrofluoric  acid,  287,  290. 
Hydrofluorsilicic  acid,  124,  289. 
Hydrogel,  6j. 
Hydrogen,  j,  /j,  14,  99,  2j,  26,  2y,  30^ 

33*3S^S^f  ^31 ;  14.  19.  20,  22,  297. 

Borbfluoride,  82,  289. 

Bromide,  321,  322,  328. 

Chloride,  9^,  9J ;    17,  292,  294,  295, 
316. 

Cyanide,  155. 

Dioxide,  227,  228. 

Fluoride,  287,  290. 

Iodide,  333,  337. 

Monoxide,  J9,  i2g  ;  224. 

Pentasulphide,  270. 

Peroxide,  227,  228. 

Silicofluoride,  124,  289. 

Sulphide,  265,  266. 
Hydrolysis,  60,  7/. 
Hydrosol,  63, 

Hydrosulphuric  acid,  265,  266. 
Hydroxides,  69,  204  ;   12,  17,  21 8^  221. 
Hydroxyl-ion,  202. 
Hydroxylamine,  144,  152. 

Hydrochloride,  152. 

Sulphate,  153. 
Hydroxysalts,  124, 
Hypobromites,  330. 
Hypobromous  acid,  331. 
Hypochlorites,  305. 
Hypochlorous  acid,  307,  319. 
Hypoiodites,  347. 
Hypoiodous  acid,  347. 
Hyponitrites,  148. 
Hyponitrotts  acid,  148. 


HfpophtMphatei,  173. 
Hypophosphoric  acid,  1 73. 
Hypophoaphoroiu  acid,  1 74. 
Hypoiulphuroiu  acid,  255. 

I 

Ice,  /a.  S4.  SS.  *J.  fJ7  i  149.  285- 
Ideal  fjas,  '67. 
Ideal  mulecule,  204. 
Identity,  ». 
Ignition  point,  ^30. 
lllnmlnating  gas,  17,  104,  no. 


ATain 


llmiK 


',  130. 


ladicatota,  a^r ;  335. 

Indium,  405,  407. 

Individual  masses,  138,  ijg. 

Inert  gases,  £□  ;   34,136. 

Infusible  white  precipitate,  396. 

Ink,  464. 

Iodate«,  349.  350- 

Iodic  acid,  348. 

Iodides,  336.  337,  340,  341,  348.  345. 

Iodine,  a6:,  285,  333,  334. 

Monochloride,  336,  349. 

Pentoiide,  346. 

Trichloride,  336. 
lodonium  compoundi,  354. 
lodosobenzene,  354. 
lodosobenzoic  acid,  354. 
lodoitybenzene,  354. 
loduiybenioic  acid,  354. 
Ionization,  g2,  04,  97,  log,  tot,  t^, »»», 

Ions,  1)1,  M,  97,  tog,  sot,  237,  »»a,  aji. 
Iridium,  4S7,  490. 
Iron.  459,  461.  * 

Bisulphide,  466. 

Monosulpbide,  466. 

Oxides.  ^^. /^  1   113,465,470. 

Sesquiovidc,  470. 
Ironstone.  460. 
Isocyanalet,  1 5  7. 
Isocyanides,  157. 
Isocyanurate,  157. 
\iomKm-m,M03,3tq,3to;  419. 
Itomoiphism,  85. 
Itoaulpbocyanatea,  157. 


Japanese  ware,  127, 
lQ-i^%  app«ratiu,  iq$, 
K 


*.  30. 


—  -j/iniU,  84.  118,  127, 
Kassnei's  method,  43a, 
Kavskb,  25. 
Kelp,  187,  333. 
Kelvin,  »»6. 
Kerosene,  96.  iij. 
Kitstntt,  30,  51,  55,  231. 
Kinetic  theory,  tiz. 
Kipp  generator,  34, 
KlItCHOFF,  zi.  z8. 
Kk6KIG,  112. 

Krypton,  Jo ;  24.  96,  136. 


Land  plants,  30. 
Lanthanum,  74,  9a. 
Lapis-laiuli,  S4. 
Laflace,  1 52. 
Latent  heat,  58. 
Laughing  gas,  83 ;    I40. 
Lavoisier,/,  7,  ^j,  /jj. 
Lead,  409,  421,  412. 

Acetate,  108,  426,  430, 

Bromide,  329. 

Carbonate,  429. 

Chloride,  194,  425,  426,  427,  428. 

Chromate,  418,  443. 

Dioxide,  424. 

Ferrocyanide,  42S. 

Hydro  lid  e,  424. 

Hydroiycarbonate,  428, 

Hydroiynitrate,  429. 

Hypophosphate,  173. 

Iodide,  ISO  1  341,  428. 

Monoiide,  423. 

Nitrate,  J71   146,426,437,439. 

Orthoplumbale,  424, 430. 

Oxy  hydroxide,  425. 

Peroxide,  424. 

Seaquioxide,  424. 
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Lead  [eontintuif]  — 

Suboxide,  423. 

Sulphate,  426,  427,  428,  429. 

Sulphide,  228,  267,  428,  429. 
•  Sulphite,  246,  428. 

Tetraacetate,  430. 

Tetrachloride,  426; 

Thiosulphate,  259,  428. 
Leblanc  soda  process,  36,  39»  231. 
Upidolite,  3I1  47. 
Ifuci/e,  122. 
lighU  2,  2ig;  279. 
Ught  oil,  115. 
^^gniU,  no. 

imc,  37t68\  tOt  66. 
^.ime  kiln,  66. 

imestonc,  51,  59,  62,  64,  473. 

iiliewater,  61,  62. 
LimniU,  470. 
limonite,  460,  461,  470. 
Liquid  air,  80 ;   136,  219. 
jquids,  64, 168,  18^,  222, 
Jtharge,  421,  423. 
Uthiophylite,  31. 
Mthium,  28,  31,  32. 
-  tmus,  12^. 

xiviation,  31. 

)CKYER,  24. 

.idestone,  470. 
T  /uLricating  oils,  115. 
uLeo*cobaltic  chloride,  485. 

M 

Magnesia,  53. 
McLgnesUe^  51. 
Magnesium,  22,  ^2^  128;  50,  52,  55. 

Ammonium  orthophosphate,  188. 

Aurate,  374. 

Bromide,  330. 

Carbonate,  52. 

Chloride,  55,  302. 

Hydrogen  orthophosphate,  168. 

Hydroxi^  54,  57. 

Iodide,  345. 
I     Nitrate,  55. 

Oxide,  53. 

Silicide,  125. 

Sulphate,  54.   J^ 


Magnetic  iron  oxide,  469,  461,  470. 
Magnetic  nickel  oxide,  480. 
Magmtiie,  460,  461,  470. 
MalachiUt  357,  361. 
Manganates,  456. 
Manganese,  449,  450. 
Dioxide,  j6 ;   221,  229,  295,  396,  318, 

323.  334f  342,  454- 
Dithionate,  261. 

Heptoxide,  457. 

Tetrachloride,  295,  318,  454. 

Trichloride,  454. 
Manganese  bronze,  358. 
Manganic  acid,  456. 
Manganic  chloride,  454. 

Oxide,  453,  456. 

Sulphate,  454. 
ManganiU,  449,  453. 
Manganites,  455. 
Manganous  acid,  455. 
Manganous  carbonate,  451,  453. 

Chloride,  295,  318,  452. 

Hydroxide,  452. 

Manganite,  455,  456. 

Nitrate,  453. 

Oxide,  451. 

Sulphate,  452. 
Marble,  51,  59. 
Afareasite^  466. 
Marsh  gas,  103,  in,  115. 
Marsh  test,  190,  205. 
Mass,  5,  7. 
Mass  action,  /jo. 

Mass-units,  138^  1S9,  /60,  79/,  2/j, 
Mass- unit  weight,  /60, 
Massicot,  424. 
Matlockitey  304. 
Matte,  365. 
Maxwell,  224^  22^, 
MelaconiUy  357,  359. 
Mendeleeff,  5,  6,  75,  405,  411. 
Mercuric  bromide,  396. 

Chloride,  39$. 

Chromate,  397. 

Cyanide,  155. 

Iodide,  336,  340,  341,  396. 

Nitrate,  393. 

Oxide,  7,  /6,  128 ;  220,  392,  397. 
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Mercuric  ojcycarbonatey  396. 

Oxynitrate,  394. 

Sulphate,  394. 

Sulphide,  397,  401, 
Mercurous  bromide^  330,  401. 

Carbonate,  401. 

Chloride,  294,  399. 
^  Chromate,  401. 

Hydroxynitrate,  398. 

Iodide,  336,  340,  341,  401. 

Nitrate,  398. 

Oxide,  397. 

Sulphate,  399. 
Mercury,  379,  391. 
Metaboric  acid,  76. 
Metals,  97,  116. 
Metantimonic  acid,  203. 
Metantimonious  acid,  199. 
Metaplumbic  acid,  425,  431. 
Metarsenic  acid,  185. 
Metasilicates,  122. 
Metasilicic  acid,  120.       ^ 
Metastable  phase,  142, 
Metasulphantiinonates,  208. 
Metathesis,  //. 
Meteorites,  449,  477. 
Methane,  103,  iii,  115. 
Methyl  acetylene,  105. 
Methyl  alcohol,  ill. 
Methyl  bromide,  325. 

Chloride,  298. 

Cyanide,  157. 

Cyanurate,  157. 

Isocyanate,  157. 

Isocyanide,  157. 

Isocyanurate,  157. 

Isosulphocyanate,  157. 

Metaborate,  81. 

Orthoborate,  80. 

Sulphocyanate,  157. 
Methylene  chloride,  298. 
Mica^  T^f  84,  94,  1 18. 
Micaceous  ore,  460. 
Milk  of  lime,  61. 
Milk  of  sulphur,  232,  270. 
MilUriU,  479. 

Mineral  waters,  66 ;  30,  31,  47,  48. 
Minerals,  29. 


Mispickely  135,  181, 
Mixture,  //. 
Mohr's  salt,  464. 
MoissAN,  83,  96,  291. 
Molecular  lowering,  188^  i^t. 
Molecular  rise,  rgo,  fgi. 
Molecular  symbols,  /^z,  182^  rSj,  i^. 
Molecular  weights,  776, 777,  /8jf  iSg^  ig^ 
Molecules,  174,  170^  '79$  i^t  ^h  ^^ 

217,  22^y  226^ 
Molybdates,  445. 
Molybdenite^  445. 
Molybdenum,  434,  445. 
Monazite,  132. 
Monochlorethane,  106. 
Aforenosite,  478. 
MORLEY,  48, 
Mortar,  66.  |^ 

MOSANDER,  91,  494. 

Multiple  proportions,  89^  217, 
Muscovite^  29,  84,  94,  118,  122. 


N 


Naphthalene,  115.  \ 

Nascent  condition,  21. 
Natural  gas,  94,  104,  ill. 
Neodymium,  492. 
Neon,  8o\  24,  a6. 

NERNST,  226^  2J2. 

Neutral  salts,  123. 
Neutralization,  ia8,  tog^  ///,  22t^ 
Niccolite,  461,  477. 
Nickel,  459,  477. 

Carbonyl,  480. 

Ditulphide,  479. 

Monoxide,  479. 

Sesquioxide,  480. 
Nickel  glance,  477. 
NicKel-plating,  477. 
Nickel  vitriol,  478.  • 

Nickelic  hydroxide,  479. 

Oxide,  48a 
Nickelous  bromide,  479. 

Carbonate,  478. 

Chloride,  478. 

Ferrocyanidc,  479. 

Fluoride,  479. 

Hydroxide,  479. 
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Nickelous  iodide,  4TO. 

Oxide,  ^9.        / 

Sulphate,  477. . 

Sulphide,  47^. 
Niobivira,  432^ 
Niter;  82  ;  ^,  46,  144. 
Niter  plan^tions,  &?  ;  46,  144. 
Nitrates,  ^i? ;    137,  143,  144,  145,  146. 
Nitric  acid,  iio\   137,  138,  139,  141. 
Nitric  oxide,  86 ;   140. 
NitriBcation,  82  \  46,  144. 
Nitrites,  147. 
Nitrogen,  7j,  5o ;    134.  I35»  »36,  158. 

Chloride,  153,  301. 

Dioxide,  86^  140. 

Iodide,  154. 

Monoxide,  8$ ;    140. 

Oxides,  8ot  8iy  84,  88, 8^,  90,  fjS ;  138. 

Pentasulphide,  134. 

Pentoxide,  «?<? ;    138. 

Sulphide,  154. 

Tetroxide,  <?,? ;   138. 

Trioxide,  8y ;    139, 
Nitroglycerine,  143^-^ 
Nitrosyl  bromide,  328. 

Chloride,  143,  299. 

Sulphuric  acid,  273. 
Nitrous  acid,  139,  140,  147. 
Nitrous  oxide,  8j ;   140. 
Nitroxyl  bromide,  328. 

Chloride,  143,  299. 
Nomenclature,  11. 
Non-electrolytes,  i8y,  i8<Pf  iqo. 
Non-metals,  gj^  116, 
Non-polarizing  cell,  gg. 
Nordhausen  sulphuric  acid,  254. 
Nucleus  compounds,  220  ;  484. 


Occlusion,  20,  488. 

Octahedral  sulphur,  231. 

Oil,  115. 

Oil  gas,  1 14. 

Oil  of  vitriol,  278. 

Onyx,  118. 

Opaly  118. 

Open  hearth  furnace,  476. 

Organic  chemistry,  109. 


Organic  compounds,  109. 

Orpi/fieni,  135,  181,  191,  231. 

Orthoantimonic  acid,  202. 

Orthuantimonious  acid,  199. 

Orthoarsenic  acid,  185,  186. 

Orthoboric  acid,  75. 

Orthoclase,  29,  75,  84,  94,  118,  1 23. 

Orthophosphoric  acid,  164,  166. 

Orthoplumbic  acid,  430. 

Orthosilicates,  122. 

Orthosilicic  acid,  120. 

Osmium,  487,  489. 

Osmotic  pressure,  j8^,  rg2. 

OsTWALD,  226. 

Oxidation,  41,  44  ;   223,  230. 

Oxides,  J4f  40,  204  ;   12,  218. 

Oxidized  silver,  368. 

Oxy chlorides,  302. 

Oxygen,  34,  js^  ^5^*  ^So ;   217,  2x8. 

Oxyhydrogen  blowpipe,  J7. 

Oxyhydrogen  flame,  J7  ;   61. 

Oxyhydroxides,  124,  20^, 

Oxysalts,  124. 

Ozone,  80  \  217,  222,  229. 


Palladium,  487,  488. 
Palladium-hydrogen,  20,  488. 
Palmieri,  24. 
Paraffin,  115. 
Parchment  paper,  250. 
Paris  green,  185. 
Passive  iron,  462. 
Pearl  a.sh,  42. 
Pentasilicic  acid,  120. 
Pentathionic  acid,  263. 
Perchlorates,  312. 
Perchloric  acid,  312. 
Perchromic  acid,  443. 
Periodates,  352. 
Periodic  acid,  352. 
Periodic  law,  6. 
Periodic  system,  4,  7. 
Periodides,  335. 
Permanganic  acid,  260,  457. 
Perovskiie,  130. 
Peroxides,  220. 
Persulphates,  257. 
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Petroleum,  94,  III,  115. 
Fewtet,  198.413.433. 
PFEFraR,  187. 

Phue  rule.  131, 
Phaaei.  j6.  ijj  \  60. 
Phenoi.  115. 
Ilienyl  iodide.  354. 
i'henyliodochloridel  354. 
Phosphidei,  179. 
Phosphine,  175. 
Phosphites.  173. 
Phospbonium  chloride,  176. 
Phosphorescence.  161. 
Phosphorous  acid,  164,  17a. 
Pbosphoros,  7J  ;  134,  I35,  l6<\  iSl,  17B, 
223. 

Oxybromide,  3*7. 

Oxychloride,  I77. 

PentachloTide,  177,  30a. 

Pentafluocide,  179. 

Pentosulphide,  179. 

Pentoside.  40,  70  ;  itfa. 

Tribromide.  179,327. 

Trichlofide,  177. 

Trilluoride,  179. 

Trihydtide,  175. 

Ttiiodide,  I79>34S< 

Trioxide,  164. 

Trisulphide.  179.  365, 
Phosphorus  bronze,  3^8. 
Photography,  jy.  ^ 
ITiotosynth  esis,  430. 
Physical  cijuilibhum.  136, 
Physical  isnmerism,  119. 
Ilcnometer.  173- 
I'iR  iron,  474. 
I'ink  salt,  414. 
Pitch.  115. 
PilMlcndt,  73,  447. 
Placer  mining.  376. 
Plant  ashes.  31. 
Plaster  of  Paris.  63, 
Plastic  suljihur.  333. 
Platinum.  487.  49<». 

Telrachliiride,  30I,  491. 
PlaUntrile,  424. 


Flumbates,  430. 
Folariied  light,  iiq. 
PeUuciU,  48. 
Polonium.  448. 
Polychromates,  443, 
Folychromic  Bcidi,  441, 
Polymerization,  xio, 
Polyiilimtei,  119, 
Polysilicic  acids,  \3)x 
Folysulphides.  170. 
Polythionic  acids,  361. 
Porcelain.  1*7. 
Portland  cement,  137, 
Potash,  41.' 
Potassium,  38,  42,  46. 

Aluminium  sulphate.  85. 

Antimoniolaiiraie,  3DI. 

Autate.  374. 

Aureus  cyanide,  375, 

Bromatc.  33.. 

Bromide,  326,  33a 

Carbonate,  t,t. 

Chlorate.jj!    331,3II,3aa 
Chlorchromate,  444. 
Chloride,  46. 
Chlorplatinate,  iij/ j  491. 
Chromate,  44a. 
Chromite,  43S. 
Chromium  sulphate,  44a. 
Cobalt  icyanide,  484,  4S6. 
Cobaltocyanide,  4S4,  486. 
Cyanate,  157. 
Cyanide,  154.  >SS- 
Dichromate,  332,  435,  441,  44*. 
Dihydrogen  orthoantimoBtte,  ao3> 
Dioxide,  47. 
Ethyl  salpbite,  244. 
Ethyl  sulpbonate,  344. 
Ferrate,  47 1 . 
Ferric  alum,  46&1 
Ferricyanide,  1561 
Ferrocyanide,  156. 
Ferrous  ferrocyanide,  471. 
Hydrogen  carbonate,  43. 
Hydrogen  fluoride,  2S9. 
Hydrogen  aulpbate,  45. 
Hf  dtogen  tartrate,  aoi. 
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Potassium  [^con^nu^tf]  — 

Hydroxide,  7/,  /12 ;   18,  43. 

Hypobromite,  331. 

Hypoiodite,  347. 

lodate,  349. 

Iodide,  224, 336,  345. 

Manganate,  456. 

Metaplumbate,  430. 

Monoxide,  47. 

Nitrate,  45. 

Orthophosphates,  167. 

Perchlorate,  312. 

Perchromate,  443. 

Permanganate,  222,  260,  456. 

Stannate,  418. 

Stearate,  45. 

Sulphate,  45. 

Sulphocyanate,  157.     - 

Sulphoxyantimonate,  208. 

Tetroxide,  47. 

Trichromate,  443. 

Zincate,  385. 
Potential,  100,  102, 
Pottery,  128. 

Pozzuolanic  cements,  126. 
Praseo-cobaltic  chloride,  485. 
Praseodymium,  492. 
Precious  stones,  84. 
Priestley,  jf,  ^j- ;  218. 
Prismatic  sulphur,  232. 
Producer  gas,  113. 
Product,  18,  sg,  t2g,  134, 13s,  13^^ 
Propane,  1 05. 
Proteids,  95,  134. 
Proust,  16, 
Proustite^  357, 
Prout,  226. 
Propylene,  105. 
Prussian  blue,  471. 
Prussic  acid,  155. 
Pseudo-solution,  63, 
Puddling  process,  475. 
Purple  of  Cassius,  375. 
Purpureo-cobaltic  chloride,  485. 
Pyrargyrite,  357. 
•     Pyriie,  217,  231,  275,  278,  460,  464,  466. 
Pyroantimonates,  204. 
Pyroantimonic  acid,  203. 


Pyroarsenic  acid,  185. 
Pyroligneous  acid,  107,  ill. 
Pyrolusite,  318,  449,  454* 
Pyromorphitiy  410. 
Pyrosulphites,  247. 
Pyrosulphuric  acid,  254. 
Pyrophoric  iron,  491. 
PyrrhotUe,  460. 

Q 

Quartz,  94,  117,  118. 
QuartziU,  1 1 8. 

R 

Radicals,  ^0/ ;   II. 

Radio-active  substances,  //  ;  25. 

Radio-activity,  //  ;   25,  72, 448. 

Radium,  50,  72,  448. 

Rain  water,  66, 

Ramsay,  25,  26. 

Raoult,  188. 

Rare  earth  elements,  75,  94. 

Rayleigh,  26. 

Reactions,  /j,  16,  I2g,  133, 132. 

Realgar,  135,  181,  I92,  23I. 

Red  lead,  424. 

Red  lead  oxide,  424. 

Red  phosphorus,  161. 

Reducers,  41,  44, 

Reduction,  41, 44, 

Refrigeration,  83  ;   149. 

Reich,  405. 

Replacement,  20, 103, 

Residual  gas,  74  \   25. 

Respiration,  230. 

Reverberatory  furnace,  39,  317. 

Reversible  reactions,  133, 

Reychler,  188,  232, 

Rhodium,  487,  488. 

PhodochrosUe,  449,  453. 

RiCHTER,  405. 

Rock  crystal,  118. 

Rock  phosphate,  135,  l8o* 

Rock  salt,  30,  286,  303. 

Rocks,  28,  51,  94,  118. 

Roemerite,  468. 

Roman  cement,  126. 

Rontgen  rays,  491. 

Rosendale  cement,  127. 


Rouge,  470. 
Rubidium,  23, 47. 

Ruiy,  %%. 

Rutheniiiin,  487. 
Jiuli/e,  94,  1*9. 


Sal 


Si; 


■''»'•>  37.  303- 

Salt  caltc,  39. 

Saltpeter,  45. 

Salts,  lie,  lit,  ij/j,  to6,» 

SanMrium,  491, 

Sand.  118. 


Bromide,  I2ij,  326. 

Cubide,  109,  125. 

Chloride,  124. 

Dioxide,  117,  iiS. 

Fluoride,  123,289. 

Hydride,  125. 

Nitride,  12;. 

Sulphide,  125. 

Tetrabromide,  115,326, 
Silicon  chloroform,  125. 
Silver,  356,  366. 

Acetate,  367. 

Arsenile,  184. 

Bromide,  "KVi,  168. 
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Sodium  [^con/in ugd^  — 
Chlorate,  309. 

Chloride,  gj,  /08,  2ji;  37,  293. 
Chlorite,  309. 
Chromate,  435,  440,  443. 
Chromite,  438. 
Chromium  sulphate,  440. 
Dichromate,  435,  441,  443. 
Dioxide,  38. 

Dihydrogen  arsenate,  344. 
Dihydrogen  orthoantimonate,  204. 
Dihydrogen  orthoantimonite,  200. 
Dihydrogen  orthoarsenate,  186,  187. 
Dihydrogen  orthophosphate,  166,  167. 
Disilicate,  119. 
Disulphate,  255. 
Disulphite,  247. 
Fluoborate,  289. 
Fluoride,  288. 
Hydrogen  hyponitrite,  148. 
Hydrogen  phosphite,  173. 
Hydrogen  sulphate,  37,  252. 
Hydrogen  sulphide,  267. 
Hydrogen  sulphite,  242,  246. 
Hydroxide,  7/,  96,  /07  ;  34,  221. 
Hypobromite,  326,  330. 
Hypochlorite,  305. 
Hypoiodite,  347. 
Hyponitrite,  149. 
Hypophosphate,  173. 
Hyposulphite,  256. 
lodate,  338,  349,  350. 
Iodide,  336,  338,  340,  345. 
Metaborate,  77,  78,  79. 
Metantimonite,  200. 
Metaphosphate,  169,  170.  . 
Metarsenate,  187. 
Metarsenite,  184. 
Metasilicate,  119. 
Metasulpharsenate,  196. 
Monoxide,  38. 

Nitrate,  8^,  no ;  37i  134.  I37.  M3»  »44- 

Nitrite,  146,  147,  148. 

Orthoarsenate,  186. 

Orthoborate,  77,  78. 

Orthosilicate,  118. 

Pentasilicate,  119. 

Pentathionate,  264. 


Perchlorate,  312, 

Perchroroate,  443. 

Periodate,  352. 
^Phosphates,  166,  167,  168,  169,  170. 

Phosphite,  173. 

Pyroantimonate,  204. 

Pyroarsenate,  187. 

Pyrophosphate,  168,  170. 

Pyrosulpharsenate,  196. 

Pyrosulphate,  255. 

Pyrosulphite,  247. 

Silicofluoride,  124. 

Silver  thiosulphate,  369. 

Stannate,  417,  418. 

Stannite,  419. 

Stearate,  36. 

Sulphantimonate,  208. 

Sulphantimonite,  207. 

Sulpharsenate,  195. 

Sulpharsenite,  194. 

Sulphate,  36,  252. 

Sulphide,  265,  267. 

Sulphite,  242,  245,  339. 

Sulphostannate,  416. 

Sulphoxyarsenate,  195. 

Tetraborate,  77,  79,  80. 

Tetraphosphate,  169. 

Tetrasilicate,  119. 

Tetralhionate,  338. 

Thiosulphate,  258,  338.  "^ 

Trisilicate,  119. 

Trithionate,  262. 

Zincate,  385. 
Soffioni,  76. 
Soil,  29. 

Solar  spectrum,  22. 
Solder,  413,  423. 
Solid  solutions,  20. 
SolMs,  /6(?,  i8^^  222, 
Solubility  product,  ^j/. 
Soluble  glass,  120. 
Solutes,  60. 
Solutions,  60i  61  ^  dj,  64^  dj",  iS^y  i88^  igo, 

226 f  22g, 
Solvay  soda  process,  40. 
Solvents,  60, 
Spathic  ore,  460. 
Specific  gravity,  j-?,  777. 
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Specific  heat,  57, 147, 

Specific  volume,  jp,  iby. 

Spectra,  21,  22,  25,  29,  33,  38,  47,  48,  49- 

Spectroscope,  21. 

Specular  ore,  460. 

Spelter,  379. 

Sphalerite,  231,  379,  385. 

Spiegeleisen,  449,  457,  475,  476. 

Spinel,  75,  87. 

Spodumene,  31. 

Spring  water,  99. 

Stalactites,  51,  63. 

Stalagmites,  51,  63. 

Stannic  acids,  416,  418,  419. 

Stannic  chloride,  414,  417,  418. 

Hydroxide,  416,  418,  419. 

Nitrate,  413,  417. 

Oxide,  420. 

Oxy hydroxide,  417,  418. 

Sulphate,  413,  417. 

Sulphide,  415. 
Stannous  chloride,  399,  4i4« 

Hydroxide,  419. 

Nitrate,  413. 

Oxide,  419,  420. 

Oxyhydroxide,  419. 

Sulphate,  413,  419. 

Sulphide,  416. 
Starch,  95,  106,  224,  335,  336. 
Starch  iodide,  224,  335. 
Stassfurt  deposit,  30. 
Steam,  j^;   225. 
Stearic  acid,  36. 
Stearin,  36,  45. 
Steel,  475. 

Stereo-isomerism,  220, 
Stibine,  205. 
Slibnite,  135,  197,  231. 
Stoneware,  127. 
Stronti anile,  51,  67, 
Strontium,  50,  67,  6g. 

Carbide,  109. 

Carbonate,  67,  68. 

Chloride,  68. 

Hydroxide,  68. 

Nitrate,  67. 

Oxide,  68. 

Sulphate,  67,  68,  253, 


Sucrose,  /<?/ ;   106, 
Sulphantimonates,  207. 
Sulphantimonites,  206. 
Sulpharsenates,  195. 
Sulpharsenites,  193. 
Sulphates,  217,  218,  251,  253. 
Sulphides,  217. 
Sulphites,  218,  242. 
Sulphocyanates,  157.    " 
Sulphocyanic  acid,  157. 
Sulphostannates,  416. 
Sulphur,  217,  218,  fl3Z. 

Bichloride,  271,  301. 

Dioxide,  40 ;   234,  ^35,  247,  250. 

Heptoxide,  238. 

Monochloride,  270, 

Tetrachloride,  271. 

Trioxide,  236,  237. 
Sulphuric  acid,  4,  22,  68,  ijj ;  218,  221, 
248,  273. 

Anhydride,  236,  237. 
Sulphurous  acid,  218,  229,  238,  339. 

Anhydride,  40  ;   234,  235,  247,  25a 
Sulphuryl  chloride,  178,  271,  300. 
Sunlight,  22. 
Superphosphates,  167. 
SyepooriU,  483. 
Sylvile,  30,  286,  303. 
Symbols,  1^8, 160,  i6t,  j6j,  IBS,  /8/,  igy, 

202. 
Sympathetic  ink,  482. 
Synthesis,  17. 


Talc,  123. 
Tank  liquor,  40. 
Tank  waste,  40. 
Tantalite,  432. 
Tantalum,  432, 433. 
Tar,  III,  112. 
Tartar  emetic,  201. 
Tartaric  acids,  220, 
Tell  urates,  283. 
Tellurides,  284. 
Tellurites,  283. 
Tellurium,  217,  21 8,  28a. 
Tellurous  acid,  282. 
Temperature,  146, 


INDEX 


513 


Tempering,  477. 

Ten  N ANT,  489,  490. 

Terbium,  492. 

Tetraboric  acid,  76. 

Tetrasilicic  acid,  120. 

Tetrathionic  acid,  265. 

Thallium,  405,  407. 

Thenard,  296. 

Theory,  21^, 

Thermal  equivalents,  /^6,  J49,  /j'^. 

Thermo-electric  couple,  210. 

Thermometer,  146. 

Thermoneutrality,  22y^  2jo, 

Thio-acids,  257. 

Thionyl  chloride,  271. 

Thiosulphates,  258,  259. 

Thomson,  J.  J.,  216,  226,  jsja 

Thorite,  94. 

Thorium,  93,  132. 

Thulium,  492. 

Tin,  409,  4X2.     ^^ 

Dioxide,  420. 

Disulphide,  416. 

Monosulphidc,  416. 

Monoxide,  420. 
Tin  foil,  412. 
Tin  plate,  413. 
Tin  salt,  414. 
Tincal,  76,  78. 
Titanium,  93,  129. 
Topaz,  84,  118. 

Tricalcium  orthophosphate,  160,  167. 
Trichlormethane,  105. 
Tricobalt  tetroxide,  484. 
Trimagnesiuni  orthophosphate,  168. 
TriphyliU,  31. 
Triple  point,  141, 
Tripolite,  118. 
Trisilicic  acid,  120. 
Trisodium  orthophosphate,  166. 
Trithionic  acid,  262. 
Tungsten,  434,  446. 
Tungsten  steel,  447. 
Turgittj  470. 
TurnbuU's  blue,  47 1. 
Turpentine,  96. 
Turquoisgy  84. 
Type  metal,  198,  423. 


U 

Ultramarine,  84. 
Unsaturated  molecules,  200, 
Uraniniiej  72,  447,  448. 
Uranium,  434,  447. 


Valence,  79^,  105,  213, 

Valentinite,  198. 

Valson,  226. 

VanadinUe,  432. 

Vanadium,  432. 

Van't  Hoi-K,  i8y,  j88,  i8g,  igi,  2ig, 

Varec,  333. 

Vaseline,  115, 

Verdigris,  361. _  ^^^^....Jltu^ 
Vinegar,  107,  iii. 
Vitriols,  359,  381,  463,  478. 
Volumes,  9/,  167, 

W 

Waage,  /jo. 

Washing  soda,  33. 

Water,  /,  j,  ^,  6,  26,  J9,  46,  4g,  jo,  59, 

JSf  35^  J^  5^*  «<>»  ««»  70,  94*  '53* 
166,  20s;   14.  I5»  220,  224,  225. 
Water  calorimeter,  155. 
Water  gas,  17,  113.  *- 
Weathering,  29. 
Wedgwood  ware,  127, 
Weight,  J. 
Welding,  477. 
Weldon  mud,  319, 
Weldon  process,  296,  318. 
Welsbach  burners,  94,  115,  131,  133. 
Werner,  220 ;  485. 
Whisky,  106. 
White  metal,  198. 
Wine,  106. 
Winkler,  409. 
Wii'/erite,  51. 
Wolframite^  446. 
Wollaston,  488. 
Wollastonite,  122. 
Wood,  no.  III. 

Charcoal,  97. 

Naphtha,  iii. 


2L 


Wood's  metal,  aio,  387. 
Wrought  iron,  462,  475. 
Wtdftnitt,  44J. 

X 

Xanlhosid/rile,  470. 
Xenon,  80;   34,  a6. 


Yeast,  106. 

Yellnw  ammonium  sulphide,  268. 
Yellow  phosphorus,  161. 
Ytterbium,  492. 
Yttrium,  74,  91. 


Zeolites,  123. 


Bromide,  383. 

Carbonate,  3S4. 

Qiloiide,  293. 

Ferricyanide,  385. 

Ferrocyanide,  385. 

Fluoride,  288. 

Hydroxide,  , /J, /,j;   383.  3M, 

Hydroxycarbonate,  384, 

Hydroiychloride,  383. 

Iodide,  340,  383. 

Nitrate,  382. 

Oxide,  381. 

Sulphate.  38 1. 

Sulphide,  269,  384. 
Zinc  amalgam,  381. 
Zinc  dust,  37g. 
Zincates,  /y  ;  381,  385. 
Zircon,  94,  130. 
Zirconiiun,  93,  130, 
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ally good  quality.  The  typography  is  very  clear  and  distinct,  and  a  copious 
index  and  list  of  abbreviations  complete  a  reliable  work  that  will  prove  of  in- 
estimable value  to  all  beginners  in  the  study  of  organic  analysis."  —  Merck's 
Market  Report.  
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PRINCIPLES    OF    INORGANIC    CHEMISTRY 

Illustrated    Cloth    8vo   $4.00  net  (postagv  ajc.) 

"  The  student  whose  training  in  general  chemistry  has  lacked  illumination 
by  modern  >^ews,  whether  on  account  of  the  ignorance,  conservatism,  or  de- 
liberate preference  of  his  first  instructor,  will  find  in  this  book  abundant  oppor- 
tunity for  bringing  his  conceptions  up  to  date  and  getting  in  touch  with  the 
science  as  it  is.  To  such  a  student  the  book  will  be  most  suggestive  and 
stimulating.  Dr.  Jones  is  to  be  congratulated  on  having  produced  one  of  the 
best  of  the  recent  attempts  to  apply  physicochemical  conceptions  to  under- 
graduate instruction."  —  Alexander  Smith  m  Journal  of  American  Ckgmi- 
col  Society^  Easton,  Pa. 

THE  ELEMENTS  OF  PHYSICAL  CHEMISTRY 

Cloth    8vo   $4«oo  net  (postage  aac) 

Julius  Stieglitz  writes:  — 

"  The  brief,  but  carefully  prepared,  historical  sketches  introducing  many 
of  the  chapters,  as,  for  instance,  the  one  on  *  Chemical  Dynamics  and  Equi- 
librium,^ and  the  great  number  of  references  to  original  papers  form  excellent 
features  of  the  book.  The  marked  enthusiasm  with  which  the  author  writes 
as  a  worker  in  the  field  is  bound  to  interest  the  student  in  the  subject  as  a 
living  one,  with  many  vital  problems  yet  to  be  solved." — The  Journal  of 
Af/ierican  Chemical  Society. 

THE  THEORY  OF  ELECTROLYTIC   DISSOCIA- 
TION AND  SOME  OF  ITS  APPLICATIONS 

Cloth    8vo    xll  +  J89  pp.    $1.60  net 

"  Aims  only  to  treat  of  a  single,  though  the  most  important,  theory  of  phy- 
sical chemistry  of  to-day  —  brief,  dear,  and  readable."  —  Science. 

ELEMENTS  OF  INORGANIC  CHEMISTRY 

Cloth       lamo       $1.25  net 

"  We  have  decided  to  adopt  it  for  our  entering  class  next  autumn.  The 
work  is  thoroughly  up  to  date,  and  the  treatment  of  the  subject  simple  and 
direct.  I  consider  it  a  most  valuable  book  for  beginners  in  chemistry."  — 
A.  B.  AuBERT,  Professor  of  Chemistry y  University  of  Afaifte,  Orono,  Maine. 
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